Use of erythropoietin Description The present invention relates to the use

of

proliferation and differentiation of endothelial progenitor cells, for
stinmul ati ng vascul ogenesis, for the therapy of diseases associated with a

erythropoietin for stimulating the physiol ogical nobiliza- tion,

dysfunction of endothelial progenitor cells and for producing _
phar maceuti cal conpositions for the treatnment of such di seases, and
phar maceuti cal conpositions which conprise erythropoietin and other

sui tabl e active ingredients for stimnulating endothelial
The vascul ar endotheliumis a |l ayer of cells which |ines blood vessels.
The endot hel i um separ at es tHéﬁbﬁégdﬂﬂﬁéﬁﬂﬂﬁﬂﬂéﬁiﬁesseI | ayers, and the
endot hel i um does not just represent a passive barrier but is actively
involved in regulating vessel tone. Reference is also accordingly nade to

endotheléégggﬁﬁgqggnt vasodi l atation. As a result of its position, the

endot hel

stress. Pat hogenjg, Cnggghgnsd_Pgﬁggﬁ%HELge@g@ggteqxploggegrgﬁﬁyreof

el evated LDL levels, inpaired k _ _ (
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whi ch may then be foll owed by norphologically de

the forrmaidron oprodiherastber otarel pl agpesreht VeEYoRar lor si gAdethaniakt er ed

or di m ni shed endot helial function, or endothelial dysfunction,

progenitor cells, for stimulating wvasculogenesis, for the
therapy of diseases associated with a dysfunction of
endothelial progenitor cells and for producing pharmaceutical
compositions for the treatment of such diseases, and
pharmaceutical compositions which comprise erythropoietin and
other suitable active ingredients for stimulating endothelial
progenitor cells.

The wvascular endothelium is a layer of cells which
lines blood vessels. The endothelium separates the blood from
other vessel layers, and the endothelium does not Just

represent a passive barrier but is actively involved in

regulating vessel tone. Reference is also accordingly made to

endothelium-dependent vasodilatation. As a result of its
position, the endothelium is permanently exposed to
hemodynamic stress and metabolic stress. Pathogenic
conditions, for example elevated blood pressure, elevated LDL
lévels, impaired kidney fﬁnction or elevated blood glucose,

are therefore frequently associated with functional

endothelial defects which may then be foliowed by

morphologically detectable lesions such as the formation of

atherosclerotic plaques. A very early sign of an altered or

progenitor cells.

nently exposed to henbdynam c stress and netabolic
tron or elevat | ood gl ucose,

tectabl e | esi ons such as



is a reduction in the endotheli um dependent vasodilatation. In coronary
heart di sease (CHD), but also when risk factors are present w thout CHD,
for exanpl'e hypertension, ‘hyper | i poprotei nem a or di abetes, the defects
in endothelial function-are manifested by a reduced production of NO
(=EDRF) and increased endothelin production. H gh plasma | evels of
endothelin |l ead to abnormal adhesion of cells, inflammtions, vascular
proliferation and severe vessel constrictions. Disturbances of endotheli al
function are additionally characteriZed by increased production of

adhesi on nDIecuIes such as | CAM71 and VCAM 1, causing platelets and

nonocytes to ere to.a cr ased extent to en othellu The result of
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such as, for exanple, enbryogenesis, the fenmal e reproductive cycle, wound
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and increased endothelin production. High plasma levels of
endothelin lead to abnormal adhesion of cells, inflammations,
vascular proliferation and severe vessel constrictions.
Disturbances - of endothelial function are‘ additionally
characterized by increased production of adhesion molecules
such as ICAM-1 and VCAM-1, causing platelets and monocytes to
adhere to an increased extent to endothelium. The result of
this 1is an increase 1in vessel tone. Thus, an imbalance
develops in various systems, favoring vasoconstriction,
adhesion, aggregation, coagulation, atherosclerosis and
atherothrombosis. Even mental stress leads to a measurable
endothelial dysfunction which may persist for up to 4 hours.
Endothelial cells are involved in the formation of
new blood vessels. The formation of blood vessels 1is
important in a large number of processes such as, for
exampie, embryogenesis, the female reproductive cycle, wound
healing, tumor growth and the neovascularization of ischemic
areas. Originally, postnatal formation of blood vessels, that

is the formation of blood vessels after birth, was mainly

attributed to angiogenic processes. Anglogenesis means the



formati on of new bl ood vessels through capillaries sprouting froma
pre-existing vascul ar system During angi ogenesis, firstly the basenent
menbrane surroundi ng the bl ood vessels is broken down by proteolytic
enzynes, and the extracellular matrix in the perivascul ar space is
fragmented. The angiogenic stinuli released thereby caused differentiated
endot helial cells which are already present to mgrate in the direction of
the chenotactic stinulus, during which they simultaneously proliferate and
are transformed. Juxta- positioning of 3endothelial cells then fornms new
vessel loops wth a capillary-type lunmen. The onset of synthesis of a new
basenent ane fglloms ver, rece investigﬁigons shOM/th%t t he
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enbr yogenesi s s refute e detection o progenitor cells
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to prove by using aninmal "'nodels that the ‘endothelial progenitor cells
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regions. In addition, 4
endothelial cells which are already present to migrate in the
direction o©f the chemotactic stimulus, during which they
simultaneously proliferate and are ﬁransformed. Juxta-
positioning of endothelial cells then forms new vessel loops
with a capillary-type lumen. The onset of synthesis of a new
basement membrane follows.

However, recent investigations show that the
formation of new blood vessels in the adult organism derives
not only from angiogenesis but also from vasculogenic
mechanisms. Vasculogenesis means formation of new vessels
from endothelial progenitor cells which are differentiating
in situ. The belief that wvasculogenesis 1is confined to
embryogenesis was refuted by the detection of endothelial
progenitor cells (EPC) in peripheral blood of healthy humans
and animals. It was possible to prove by using animal models
that the endothelial progenitor cells derived from bone
marrow are actively involved in neovascularization. It was
also shown that a specific CD34-positive subkgroup of

leukocyte which expresses endothelium-specific antigens

becomes established in ischemic ©regions. In addition,



endot helial progenitor cells (EPC) which make a significant contribution
to the formati on of blood vessels in the adult organi smcan be obtained
from CD133+ and CD34+ cells in vitro (Asahara et al., Science, 275 (1997),
964-967; Crosby et al., GCrc. Res., 87 (2000), 728-730; Gehling et al.

Bl ood, 95 (2000), 3106-3112) . It was additionally shown that injection

of isolated CD34+ cells or cultivated endothelial progenitor cells
expedites restoration of blood flowin diabetic mce (Schattenman et al.

J. din. Invest., 106 (2000), 571-578)4 and i nproves neovascul ari zati on in
vivo (Asahara et aI Crc. Res., 85 (1999), 221-228; Croshy et al., Grc.
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factors have stlnulatlng effects on the nobilization of endothelial
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factors such as VEGF and GWCSF are able to increase the nunber of
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3964-3972; Takahashi et al., Nat. Med., 5 (1999), 434-438). VEGF (vascul ar
endothMQﬁﬂl%ﬂkﬂﬂedf@@ﬁ@r)0¢bla proE@dmlwhm@H soslathelial -progenitor -

cells expedites restoration of blood flow in diabetic mice
(Schatteman et al., J. Clin. Invest., 106 (2000), 571-578)
and improves neovascularization in vive {Asahara etr al.,
Circ. Res., 85 (1999), 221-228; Crosby et al., Circ. Res., 87
(2000), 728-730; Murchara et al., J. Clinﬁ Invest., 105
(2000}, 1527-1536). It was moreover possible to show that a
neovascularization induced by CD34% cells improves cardiac
function (Kocher et al., Nat. Med., 7 (2001), 430-436).
However, the mechanisms underlying the mobilization
-and differentiation of endothelial progenitor cells are not
yet fully explained. Mclecular biological and cytobiclogical
investigations indicate that various cytokines and angiogenic
growth factors have stimulating effects on the mobilization
of endothelial progenitor cells in bone marrow. Thus, it is
“known that pfoangiogenic factors such as VEGF and GM-CSF are
able to increase the number of endothelial progenitor cells
{Asahara et al., EMBO, J., 18 (1999), 3964-3972; Takahashi et
al., Nat. Med., 5 (1999), - 434-438). VEGF {vascular

endothelial growth factor) is a protein which occurs in



5 wvarious isofornms and which binds to the two tyrosine kinase receptors
VEG--R (flt-1) and VEGF-R2 (flk-1) which occur for exanple on the surface
of growi ng endothelial cells (Wrnert et al., Angew. Chem e, 21 (1999),
3432-3435). Activation of VEGF receptors |eads via the Ras-Raf-MAP ki nase
pathway to expression of proteinases and specific integrins on the

surface of endothelial cells or endothelial progenitor cells and finally
to initiation of proliferation and mgration of these cells in the
direction of the angiogenic stinulus- 8W CSF (granul ocyte-macrophage
colony-stinulating factor) is a cytokine which was previously known in
particul ar _for
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nobi | i ze endothelial progenitor cells. meler et al. (J. din. Invest.,
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atorvastatin and sinvastatin significantly inprove the differentiation of
endot hel éaprpssfieni tof getdiselmaseno-amiiclsparcidald s iand o@D+ shenthel | s
i solated from peripheral blood in vitro and in vivo. Thus, treatnent of
m ce wi thurface of endothelial cells or endothelial progenitor cells
and finally to initiation of proliferation and migration of
these cells in the direction of the angiogenic stimulus. GM-
CSF (granulocyte-macrophage colony-~stimulating factor) is a
cytokine“ which was previously known 1in particular for
stimulating white blobd corpuscles including neutrophils,
macrophages and eosinophils. PIGF (placental growth factor)
is known to stimulate the mobilization of endothelial
progenitor cells but not proliferation thereof.
Investigations by Llevadot et al. (J. Clin. Invest., 108
{2001), 399-405) reveal that HMG-CoA reductase inhibitors,
especially statins, which are employed as lipid-lowering
medicaments and reduce the morbidity and mortality of
- coronary disease, are able to mobilize endothelial progenitor
cells. Dimmeler et al. {(J. Clin. Invest., 108 {2001), 391-
397) were able to show further that statins such as
étorvastatin and simvastatin significantly improve the
differentiation of endothelial progenitor cells in mono-

nuclear cells and CD34" stem cells isolated from peripheral

bilcod in wvitro and in wvivo. Thus, treatment of mice with



6 statins led to an increased nunber of differentiated endothelial
progenitor cells, with statins show ng an effect as strong as that of
VEG-. Stinulation of the nobilization and/or diffe- rentiation of

endot helial progenitor cells represents an inportant novel therapeutic
strategy for increasing postnatal neovascul arization, especially

vascul ogenesis, and for treating diseases associated with a dysfunction of
endot hel i al progenitor cells and/or eg?othellal cells. The present
invention is based on the technical ~ ptobl emof providing neans and net hods
for inproved stinmulation of endothelial progenitor cells and for the
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for stinmulating the physiological nobilization of endothélial progenitor

cells, the sQrLQJdgf e Atd ff eyr. thelial progenitor cells, the
differentiation of endothelial progenitor cells to endothelial cells

and/ or the m gratiamleftiandobliel ighe pr agdiilticatdeld s andybe didietid-on of
an angi o- genic or vasculogenic stimulus in a human or ani mal body. The

pr esent remidrttiiom abgo sokwehetthiad t pchgenakopr obeéhs byreph setwss ngit he use
of erythropoietin and/or its derivatives for the therapy of diseases or
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progenitor cells and/or . _
neovascularization, especially  vasculogenesis, and for

treating diseases assoclated with a dysfunction of
endothelial progenitor cells and/or endothelial cells.

The present invention is based on the technical
problem of providing means and methods for improved
stimulation of endothelial progeﬁitor cells and for the
therapy of disorders particularly associated with a
dysfunction of endothelial progenitor cells.

The present invention solves this technical problem
by disclosing the use of erythropoietin and/or its
derivatives for stimulating the physiological meobilization of
endothelial progenitor cells, the proliferation of endo-
thelial progenitor cells, the differentiation of endothelial

- progenitor cells to endothelial cells and/or the migration of
endothelial progenitor cells in the direction of an angio-
genic or vasculogenic stimulus in a human or animal body. The
present invention also solves this technical problem by
disclosing the use of erythropoietin and/or its derivatives

. for the therapy of diseases or pathological states associated

with a dysfunction of endothelial progenitor cells and/or



7 - endothelial cells. It has surprisingly been found according to the
invention that a treatnent with erythropoietin leads to physiol ogical
nobi | i zati on of endothelial progenitor cells, wth an increase in the
nunber of circulating endothelial progenitor cells and induction of
differentiation thereof, especially in conparatively |ow EPO doses. In
addition, functional deficits, which occur in certain pathol ogical
conditions, of the endotheli al progent}or cells are conpensated. It was
possi bl e to show according to the invention that the nunmber of circulating
stemcells in patients with chronic kidney disease in the term nal stage

is just i S | althy subjects, but in these patients they have
en%@;ﬁ'ﬂe%ataio d(ﬁhTJT*Ee

| ost the Ity erentiate to endothelial <cells via endothelia

progenitor cellse Thys, theppyahan19f neehl srearabl scobradhesian ank
showi ng an endothelial cell  phenotype is distinctly reduced in patients

W th chrigRicg tildrdnen4 seaseregtRaned with healthyossbeeti s.1ddddascqow
been found according to the invention that the nunber of <circulating stem
cell s i ptiyedsA Rl fineanl i yabjonoe tdadot!x®Phal t proyeedtoentcalfld hese
patients with erythropoietin. There is noreover a drastic increase in
parti culwrthi nabhenaguedsesr 0h déld snwnbeh devebopcahagndot eldeiihghienbt ype.
As was denonstrated by neans of a functional cell culture assay, there is
t hr ee- f GIrPdemdrieasecehleharndmpandedt Adhesifondabifpreptistiphe it el i al

progenitor cells.due to erythropoietin L.
- especially in comparatively low EPO doses. In addition,

functional deficits, which occur in certain pathological
conditioﬁs, of the endothelial ©progenitor cells are
compensated. It was possible to show according to the
invention that the number of circulating stem cells in
patients witﬁ chronic kidney disease in the terminal stage is
just as high as in healthy subjects, but in these patients
they have lost the ability to differentiate to endothelial
cells via endothelial progenitor cells. Thus, the number of
cells capable of adhesion and showing an endothelial cell
phenotype is distinctly reduced in patients with chronic
kidney disease compared with healthy subjects. It has now
been found according to the invention that the number of
circulating stem cells increases significantly by more than
50% after treatment of these patients with erythropoietin.
There is moreover a drastic increase in particular in the
number of cells which develop an endothelial phenotype. As
was demonstrated by means of a functional cell culture assay,
there is three-fold increase in the impaired adhesion ability

of the endothelial progenitor cells due to erythropoietin



8- treatnent in patients with chronic kidney di sease. The adhesion ability
of differentiating endothelial progenitor <cells and of endothelial cells
is one of the basic preconditions for the fornmati on of new tissues and/or
vessels. Erythropoietin is able in this way to i nduce neovascul arizati on,
in particular vascul ogenesis, in tissues or organs in which corresponding
vascul ogeni ¢ or angiogenic stimuli are released. [ Erythropoietin (called
EPO herei nafter) can be used according to the invention to stinulate the
physi ol ogi cal PG nobilization of endothelial progenitor cells, the prolife
ration of endothelial progenitor cells, the differentiation of endothelial

progeni tor ceblze! o gndotpelial colln apdkghiol okifhayat heaegbeendenbel i al

progenit i dirécti on  of a vascul ogenic angi ogeni ¢ sti nul us
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Erythrop I'n can ore advant ageousl e enployed according to the

i nventi ogei @St bl atg t hg,darnmtion ofenew vessene byovasthkogemedics in
ti ssues or organs in which pathological vascular |esions are present. In

addi ti onpr&BendieipALi Oficef endot Ielrnalt ildrssuef camewal sbibsuerdueed/owi ng to
the stinulation of endothelial progenitor cells by erythropoietin.

Eryt hr oppeesebscanEthenebpotettiso be eapleyedn atbdsdi gyt otwohe induest i on
for treating diseases of the human or ani mal body which are associ at ed
with a, dgstaactiienipétiendotihelbaadt igpridgeni TavcePISNQHHF or LBndatSHeISSal

cells. ‘ _
or organs in which corresponding vasculogenic or angliogenlc

stimuli are released.

Erythropoietin (called EPO hereinafter) can be used
according to the invention to stimulate the physiological
mobilization of endothelial progenitor cells, the prolife-
ration of endothelial progenitor cells, the differentiation
of endothelial progenitor cells to endothelial cells and/or
for migration of endothelial progenitor cells in the
direction of a vasculogenic or angiogenic stimulus in a human
or animal body, in particular an adult organismn.
Erythropoietin can therefore advantageously be enmployed
according to the invention to stimulate the formation of new
vessels by vasculogenesis in tissues or organs in which
pathological wvascular lesions are present. 1In addition, the
formation of endothelial tissue can also be induced owing to
the stimulation of endothelial progenitor cells by
erythropoietin. Erythropoietin can therefore also be employed
according to the invention for treating diseases of the human
or animal body which are associated with a dysfunction of

endothelial progenitor cells and/or endothelial cells.



means a substance which controls the growth or the differentiation and the
maturation of stemcells via erythroblasts to erythrocytes. Erythropoietin
is a glycopro- tein having 166 ami no acids, three glycosylation sites and a
nol ecul ar wei ght of about 34 000 Da. During EPO-induced differentiation of
erythrocyte progenitor cells there is induction of globin synthesis and an
increase in the synthesis of the hene_conplex and in the nunber of
ferritin receptors. The cell can taRe9ub nore iron and synthesize

functi onal henogl obin thereby. Henogl obin binds oxygen in mture

erythrocytes. Thus, cSRUERLOGK! G Andef,be Hemol.obi flo pr £5ent +c,Lhem pl ay a
bply.  Thi d

key role in the body" s oxygen su ese processes are initiate

through ghe.i iferactippoof PG M Lh,8PaABRT QR LA Bohee8REOEhaN giiftael |
surface of erythro- cyte progenitor cells (G aber and Krantz, Ann. Rev.

Med. 29 of 10H8) diFEebBht iBMMLA oMl ethd mstpraduead oraisddmi Belbe kiidney,
but also in snmaller proportions in the liver and in the brain. Small
amount s &fyie ydHI DPi0s et &N ealve habeg theaund iyt e ciertum ahsl, a gigeppro-
physi ol ogical conditions, it is at least partly excreted in the urine.

Pat i ent stenitt hhaehad 166 aménar ecicapabiferad ohygosnbaepomt eieegt Andpeai etin
(called EPO hereinafter) production and accordingly suffer from anem a.
Conmpensdrelrcwiaer yhiopdi eefn depiti eR8y0B) Bdmi nP3réppngERG-induced

differentiation of erythrocyte progenitor c¢ells there is
induction of globin synthesis and an increase 1in the
synthesis of the heme complex and in the number of ferritin
receptors. The cell can take up more iron and synthesize
functional hemoglobin thereby. Hemoglobin binds oxygen in
mature erythrocytes. Thus, erythrocytes and the hemoglobin
present in them play a key role in the body’s oxygen supply.
These processes are initiated through the interaction of EPC
with an appropriate receptor on the cell surface of erythro-
cyte progenitor cells (Graber and Krantz, Ann. Rev. Med. 29

(1978), 51-56}.

Erythropoietin is produced mainly in the kidney, but also in
smaller proportions in the liver and in the brain. Small
amounts of erythropoietin are also found in the serum and,
under physiological conditions, 1t 1is at least partly
excreted in the wurine. Patients with renal failure are
capable o©of only inadequate erythropoietin (called EPO
hereinafter) production and accordingly suffer from anemia.

Compensation of erythropoietin deficiency by administering



erythropoietin is knowm. Further clinical applications of erythropoietin
are in the admnistration of erythropoietin for iatrogenic anem a
fol | owi ng chenot herapy or radi otherapy of malignant di seases or viral
infections (EP O 456 153 Bl). US 4,732,889 discloses the use of

eryt hropoi etin-contai ning conpositions for the treatnment of anem a
associated wth rheumatoid arthritis. W 88/ 03808 di scl oses the treatnent
of henochromatosis by neans of EPO cantai ning conpositions. The term
“erythropoietin" used herein includes O of every origin, especially
human or animal EPO. The termused herein enconpasses not only the

nat ural | ¥ PegHEpbNEr 1 hhals | SnoWnl.d- FYPentor e of1 EPO. ¥ i@dl3Q drisS of
derivatives, analogs, nodifications, nuteins, nutants or others, as |ong

as they eshomrbpei bt ohogircal iaf ftefrd saghimi bdrhypenerasd heepehebpBietin
connection wth the present invention, "deriva- tives" mean functional
equi val efibs datdegevati wesmik eolluwi-ngdattedmdatvdu oy ace ehtiabnRdrapiyt h
retention of the basic erythropoietin structure, by substitution of one or
nore atofrsmaligphatulddsegsespoorviedi cahSecthopar {E€uDad5by158uBdfi.t uti on
of sugar chains such as ethylene glycol, and/or whose am no acid sequences
differ f¥dnfthat, %9t Hasedtoges | yhe opsar rdthgehMrhnopplighinaborERLALBPOI eti n
protein in at |east one position but essentially have a high degree_ of
honol ogycCBROF helat? nofAci FhicevEFeahBeRENpRE aREDBID| GFSCAL2EEG vIFEfh
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hemochromatosis by means of EPO-containing compositions.

The term “erythropoietin” used herein includes EPO of
every origin, especially human or animal EPO. The term used
~herein encompasses not only the naturally occurring, that is
wild-type forms of EPO, but also its derivatives, analogs,
modifications, muteins, mutants or others, as long as they
show the biological effects of wild-type erythropoietin.

In connection with the present invention, “deriva-
tives” mean functional equivalents or derivatives of erythro-
poietin which are obtained, with retention of the basic
erythropoietin structure, by substitution of one or more
atoms or molecular groups or radicals, in particular by
substitution of sugér chains such as ethylene glycol, and/or
whose amino acid sequences differ from that of the naturally
occurring human or animal erythropoietin protein in af least
one position but essentially have a high degree of homology
at the amino acid level and comparable biological activity.
Erythropoietin derivatives as can be employed for example in

the present invention are disclosed inter alia in



WO 94/ 25055, EP 0 148 605 Bl or WD 95/05465. "Honol ogy" neans in particul ar
a sequence identity of at l|least 80% preferably at |east 85% and
particularly preferably at |east nore than 90% 95% 97% and 99% The term
"honol ogy" which is known to the skilled worker thus refers to the degree
of relationship between two or nore pol ypeptide nolecules, which is

determ ned by the agreenent between the sequences. It is possible in this
connection for an agreement to nean hoth an identical agreenment and a
conservative amno acid exchange. The term "derivative" al so includes
according to the invention fusion proteins in which functional domains of

anot her p6os gy N5@5s, PEESENi49NchHeplN- er niypabspasticer on the  C-term nal
part. In one enbodi ment of the invention, this other protein nay be for

exanpl e GVt CSF, Wi&hol &4 meastaihnpaptiandbber taghiehcwhigbnbasyaor
stinmulating effect on endothelial progenitor cells. In a further
enbodi nemt ofeddie 80Rentdrafeddid ot ar preetsad n 858y ahsio peraitatteidywhi ch
has a stimulating effect on differentiated endothelial cells, for exanple
angi ogerdreberdFlF ¢baseestiboobl BeangPoit h9b&ct 87 . anfit OP§. kibentehmt t he
growmt h factor bFG- exerts a strong mtogenic and chenpbtactic activity on
endot hel TRPmeEPy” Théch fierdmes bet lben s&d ldep Miopsi et tudlerediarbve
and native erythropoietin may arise for exanple through nutations, K such as,
for exan? eiNUel et RsOT stbset toRFRHR, PeTHigeRt FBAsOTalAFEi BRSYPBRESDS
exchang%%ofggﬁfgsreg gghn%g(Dé%éf%ined by the agreement between the

sequences. It is possible in this connection for an agreement

to mean both an identical agreement and a conservative amino

acid exchange.

The term “derivative” also includes according to the
invention fusion proteins in which functional domains of
another protein are present on the N-terminal part or on the
C-terminal part. In one embodiment of the invention, this
other protein may be for example GM-CSF, VEGF, PIGF, a statin
or another factor which has a stimulating effect on

endothelial progenitor cells. In a further embodiment of the
invention, the other protein may also be a factor which has a
stimulating effect on differentiated endothelial cells, for
example angiogenin or bFGF (basic fibroblast growth factor).
It 1s known that the growth factor DbFGF exerts a strong
mitogenic and chemotactic activity on endothelial cells.

The differences between an erythropoietin derivative
‘and native erythropoietin may arise for example through

mutations such as, for example, deletions, substitutions,

insertions, additions, base exchanges and/or recombinations



of the nucl eotide sequences encoding the erythropoietin amno acid
sequences. (Cbvious possibilities in this connection are also naturally
occurring sequence variations, for exanple kf sequences from anot her
organi sm or sequences whi ch have been nutated in a natural way, or

mut ati ons introduced deliberately into the erythropoietin-encoding nucleic

acid sequences with the aid of conventional neans known in the art, for
exanpl e chem cal agents and/ or physi_cg& agents. In connection with the
invention, therefore, the term"deriva=- tive" also includes nutation
erythropoietin nolecules, that is erythropoietin nuteins. It is also

possi bl & acqRr Al g 4O tde ddBHdaN diftoBIT OvhP ety der o oLl dnanal 0gs
of erythropoietin. In connection with the present Tnvention, the term

"anal ogsicid NEd HESc£OMPOBHREISuMNHE8s B NOt 1Bave nan kAl it isaquence
identical to the erythropoietin am no acid sequence but whose

t hr ee- diatmsi apahrstilyct deeugreal | ysaqeamyd esatriatt iohs,er gohr opormtiar and
whi ch therefore have a conparable bio- logical activity. Erythropoietin
anal ogs sequdigsed of rgxaapbeher conpanhas Wi ckguemeeiss erhiicha rauie apden
conformation the amno acid residues responsible for the binding of

eryt hr oppitattiafl t dnit sar eceptd¥asl andashi chodr e DhbpbioRe ablet¥dRefll at e
the essential surface properties of the erythropoietin bindin regéon.

Conmpoun@&idbaiateky pdnire HeR ¢ GYES THC ISEM G I NG i @H%ﬁlgt fL

ggl ence’se2c17113er1(clegsg6alitﬁ58fheTh§iEngengég‘yggtfgggidlmré%ntso ]EIE]C?WIII n\i%ntéi%’l can

art, for example chemical agents and/or physical agents. In
connection with the invention, therefore, the term “deriva-
tive” also includes mutation erythropoietin molecules, that
is erythropoietin muteins.

It is also possibleraccording to the invention to
employ peptide or protein analogs of erythropoietin. 1In
connection with the present invention, the term “analogs”

~includes compounds which do not have an amino acid sequence

identical to the erytﬂropoietin amino acid sequence but whose
three-dimensional structure greatly resembles that of
erythropoietin and which therefore have a comparable bio-
logical activity. Erythropoietin analogs may be, for example,
compounds which comprise in a suitable conformation the amino
acid residues responsible for the binding of erythropoietin
to its receptors and which are therefore able to simulate the
essential surface properties of the erythropoietin binding
region. Compounds of this type are described for example in
Wrighton et al., Science, 273 (19%6), 458.

The EPO employed according to the invention can be



13 produced in various ways, for exanple by isolation fromhunman urine or
~fromthe urine or plasma (including serun) of patients suffering from
aplastic anemia (Myake et al., J.B.C 252 (1977), 5558). Human EPO can be
obtained for exanple also fromtissue cultures of human renal cancer cells
(JA-CS 55790/ 1979), from human | ynphobl ast cells which have the ability to
produce human EPO (JA-CS 40411/1982) and from a hybridoma cul ture obtained
by cell fusion of a human cell 111 |iRgs. EPO can also be produced by
genetic engineering S, g nethods by using suitable DNA or RNA which codes
for the 1 appropriate am no acid sequence of EPO to produce the desired

protein pesamdidant | yariQis axarp) efén exdasierbymssalyeast, fomphanincel |
I'ine or animal cell line. Methods of these types are described for exanple

in EP 0 déBn&0%:B2 fatom EPh8 206i164 &2 aichanR 0 (4ht1648nBl. sEhmempr es€nt
invention relates in particular to the use of erythropoietin (called EPO
her ei nafpatjeminsl/ csulirivey  tfinves Eipdeediict o ageivial at¥ivh&ephgsi okbgi cal
nobi | i zation of endothelial progenitor cells, the proliferation of endo-
thelial Prdgeni 202 cdlhPI7) t hed Y ¥ er dhwmaay i Bﬁoofc@hd&%epbélalnﬁﬁjogéﬁrt or
cells to endotheljal cells and/or for the m tion of endotheli aI

pr ogeni t¥¥aRE sathﬁéo%l?Je%%‘F%rP%t‘ére%a%EgP‘éf@%‘hl%e%"?‘l angnegEnFeL S8 nul us

ina hunP&O(SS aé‘éji%/l?%jy fro rlfu'm%%' a{ym];%odflt or Elssrp\rhlch have
~the ability to produce human EPO (JA-0S 40411/1982) and from
a hybridoma culture obtained by cell fusion of a human cell
lines. EPO can also be produced by genetic engineering
methods by using suitable DNA or RNA which codes for the
appropriate amino acid sequence of EPO to produce the desired
protein recombinantly, for example in a bacterium, a yeast, a
plant cell line or animal cell line. Methods of these types
are described for example in EP 0 148 605 B2 or

EP 0 205 564 B2 and EP 0 411 678 B1.

The present invention relates in particular to the
use of erythropocietin (called EPO hereinafter) and/or deriva-
tives thereof to stimulate the physiological mobilization of
‘endothelial progenitor cells, the proliferation of endo-
thelial progenitor cells, the differentiation of endothelial
progenitor cells to endothelial cells and/or for the migra-
tion of endothelial progenitor cells in the direction of a
" vasculogenic or angiogenic stimulus in a human or animal
body, in particular an adult organism.
| In connection with the present invention, “endo-

thelial progenitor cells” (EPC) mean cells which circulate in



In connection with the present invention, "endo- thelial progenitor cells"
(EPC) nean cells which circulate in 14 the bl oodstream and have the
ability to differentiate to endothelial cells. The endothelial progenitor
cells which occur during enbryonic devel opnent are angi obl asts. The

endot helial progenitor cells occurring in the adult organism} are

angi obl ast-1i ke cells which can be obtained from nononuclear cells, in
particul ar CD34- CD14+ nonocytes, anQ/gr _CD34+ stemcells, which have been
i sol ated from peripheral blood. In connection with the present invention,
"nmobiliza- tion" or "physiological nobilization" neans the process of

activat itk sbadoegkhrsarndifn ML8enikcher sBkilsc{ram t ke frenen tiRiHOoW 8y
grow h factors, with entry of the stemcells or progenitor cells into the

bl oodst reeadn thal ipdl t iceahar. | The tdedofeslpher ardydeaticiod N cednizeckhoshw t h

the present invention "prolifera- tion" neans the ability of cells to

enl ar ge carmdisubdeguent lgnbdjotiide | deoelaowment noaee daaghieblesktbs. The

EPO nedi ated stinulation of endothelial progenitor cells thus relates in

par ti culerdatha e hwibegemiitor hasllheodicvirdiing Behdioradhlt epdoehébial

progenitor cells., In connection with the present invention, "D fferen-

tiati on"a2%F epuotdel2al—bibgenicedd scelitsi FeangaRhe bevetiprimeht &Fom

nononucl ear cells derived fron1the,boTe narrom/vig% endot hel i al 8r9genitor
ar CD34 CD and/or

cel I's i MY VHYFT il 142 PgRrjdcular € monocytes,

CD34 stem cells, which have been isolated from peripheral
blood.

In connection with the present-invention, “mobiliza-
tion” or “physiological mobilization” means the process of
activating stem cells and/or progenitor cells from the bone
marrow by growth facteors, with entry of the stem cells or
progenitor cells into the bloodstream, in particular into the
peripheral blood.

In connéection with the present invention “prolifera-
tion” means the ability of cells to enlarge and subsequently
divide into two or more daughter cells. The EPO-mediated
stimulation of endothelial progenitor cells thus relates in
particular to the number and thus the dividing behavior of
endothelial progenitor cells.

In connection with the present invention, “Differen-
tiation” of endothelial progenitor cells means the develop-
ment of mononuclear cells derived from the bone marrow via
endothelial progenitor cells into endothelial cells. “Endo-
thelial cells” mean the cells which form the endothelium,

that is the monolayer cellular lining of vessels and serous



thelial cells" nean the cells which formthe endothelium that is the
nonol ayer cellular lining of vessels and serous 15 cavities. Endotheli al
cells are characterized in that they release vasoactive substances, for
exanpl e vasodil ating substances such as EDRF (endothelial derived rel axi ng
factor) or constricting substances such as endothelin, factors for
inhibition or activation of blood clotting and factors for regulating
vascul ar perneability. Endotheli al gehgs_also synt hesi ze conponents of the
subendot hel i al connective tissue, especially collagens of type IV and V,
cell adhesion proteins such as lam nin, fibronectin and thronmbospondin,
grow h factianss.f orn@XenPl eaf o3t Qr@v%@a&af‘c@ér%ze@dmf atler stioy the
formati on of new vessels. In connection with the present invention,
"mgratir@leasef entoiedivd psagevhhoescel I£srreansniglad Hnes@dwmmahj al
progenitor cells present in the bloodstreammgrate in the direction of a
vascul ogedist agrcean givade ke BROR B arsda@rite biecbnme r cont ert Y&t enly | fadther x egi on
of the vascul ogenic or angiogenic stinulus. A "vascul ogenic stinulus”
means aothepdratrsei bag usubistagasssseechr asl condoesbinef fadkgmen ©rr ani mal
‘body which acts specifically on endothelial progenitor cells and brings '
about mlgm{hl&ﬁ%é?%oﬁcﬁ:éwaﬁéogu t@f i hlpre b—“dd%}ttflrftﬁn aﬁiicrfaqtl?éfScw‘érﬁ cal

stimulus originates. The vascul ogeni c, sti nmul us duces |n t the
vascul og&ERLE 150 c FSSCUART o i e i 16t i rﬁﬂ(ﬂ% eFrjelaf’ihjs a
St U3 e IS U Ghoofb9ed VERe! efl 2 TR ol boashlgh ot

tissue, especially collagens of type IV and V, cell adhesion
proteins such as laminin, fibronectin and thrombospondin,
growth factors, for example for smooth muscle cells, and
factors for the formation of new vessels.

In connection with the present invention, “migration”
of endothelial progenitor cells means that the endothelial
progenitor cells present in the bloodstream migrate in the
direction of a wvasculogenic or angiogenic stimulus and become
concentrated in the region of the vasculogenic or angiogenic
stimulus. A “vasculogenic stimulus” means a chemical stimulus
in a tissue or blood vessel of a human or animal body which
acts specifically on endothelial progenitor cells and brings
about migration thereof to the site in the body from which
the chemical stimulus originates. The wvasculogenic stimulus
induces in this way the vasculogenesis process. An “angio-
genic stimulus” means a chemical stimulus in a tissue or
blood vessel of a human or animal bédy which acts specifi—
cally on differentiated endothelial cells and brings about

migration thereof to the site in the body from which the



cally on differentiated endothelial cells and brings about mgration
thereof to the site in the body fromwhich the 16 chem cal stinulus
originates. The angiogenic stinmulus brings about in this way an induction
of angi ogenesis. A further enbodi nent of the invention provides the use of
erythropoietin and/or derivatives thereof for increas- ing the adhesion
cability of differentiating endothelial progenitor cells. Erythropoietinis
used according to the invention in particular for inproving the adhesion
ability of endothelial progenitor ce Ps” that is for cell-cell adhesion
The adhesion of differentiating endothelial progenitor cells or

di f1erentaled endoffied i &l oEeL1 521 8sONenAl A RRHIC ABGRONE thPNggdor the

fornation‘%ﬁ new vessel s or o? new engothellal tissue. Cell adhesion is

nedi at eGR(Pref &iHt s WREHH eshddhe dd eseind {Weséons al so relates to the
use of erythropoietin for stinulating the formati on of new vessels, in

particul ar stimy afhepthet wasudiagenesbs. dhe conneation paoviidelze phiesent

i nvention, "vascul ogenesis" mnmeans the forma- tion of new vessels from
endot hehisal gfr egenitmwrpacisdtin nidior ater rdf Eventtiaeragt | fosi tncrdas:s,
according to the inven- tion, the use of erythropoietin results in

i ncreaséahg i el verdrsighn eradotied v alofr offenfeventceitsng n emdotlehial on  of
new vessels or in a |local formation of new vessels to restore damaged
vascul aPHogfingnr ThellfverrvrhioRaiorbvi dés upsd t3ecqiding to the
erythropoietin and/or its derivatives to

invention in particular for improving the adhesion ability of
endothelial progenitor cells, that is for cell-cell adhesion.
The adhesion of differentiating endothelial progenitor cells
or differentiated endothelial cells 1is one of the basic
preconditions for the formation of new vessels or of new
endothelial tissue. Cell adhesion is. mediated by protein
molecules.

The present invention also relates to the use of
.erythropoietin for stimulating the formation of new vessels,
in particular stimulation of wvasculogenesis. In connection
with the present invention, “vasculogenesis” means the forma-
tion of new vessels from endothelial progenitor cells which
are differentiating in situ. Thus, according to the inven-
tion, the wuse of erythropoietin results in increased
involvement of endothelial progenitor cells in the formation
of new vessels or in a local formation of new vessels to

- restore damaged vascular regions. The invention thus provides
for the use of erythropoietin and/or its derivatives to
promote the formation of new blood vessels and/or the

replacement of damaged vascular regions through local forma-



pronote the formation of new blood vessels and/or the replacenent of
~damaged vascul ar regi ons through local forma 17 tion of new bl ood vessels.
A further enbodinent of the invention provides for the use of

erythropoi etin and/or derivatives thereof for stinmulating endotheli al
progenitor cells to formendothelial tissue. A particularly preferred
enbodi nent of the invention provides the use of erythropoietin and/or
derivatives thereof for the therapy of pathological states or diseases of
the human or ani mal body which are aSsociated with a dysfunction of

endot helial progenitor cells, or of sequelae thereof. In connection with

the presgin idwedd oodliweagess’, "pathol ogi cal states" or "disorders”
mean di sturbances of vital processes in organs or in the whol e body

resulting in suybjeatiMely caxRerinRRedodr t0R echv¥gt yoslebeokakbles physi cal ,
mental or intellectual changes. The invention is concerned in particular
with di sgesessassoti ateg: it dbo bettrsf wiciicon oferisaddtveel | ahepeofentdor
cells, that is diseases which either are the result of such a dysfunction
of thesestdaldlntomarendagtehizd byogarstorelcked .l s" SequEiare"embarhskbohdar y
dirseases, that is a second disorder added to a prinmary pathol ogica

state. Iti-s&mection with the present invention, a "dysfunc- tion" of

endot helial progenitor cells nmeans a disturbance of essential cel]
functions such ds RfttabottzrhetPHefpesed embodiment of the invention

provides the use of eryth;opoietin and/or derivatives thereof
for the therapy of pathclogical states or diseases of the
human or animal body which are associated with a dysfunction
of endothelial progenitor cells, or of sequelae therecof.

In connection with the presentlinvention, “*diseases”,
“patholegical states” or “disorders” mean disturbances of
vital processes in organs or in the whole body resulting in
subjectively experienced or objectively detectable physical,
mental or intellectual changes. The invention is concerned in
particular with diseases associated with a dysfunction of
endothelial progenitor cells, that is diseases which either
are the result of such a dysfunction of these cells or are

" mediated by these cells. “Sequelae” mean secondary diseases,
that is a second disorder added to é primary pathological
state.

In connection with the preéent invention, a “dysfunc-
tion” of endothelial progenitor cells means a disturbance of
essential c¢ell functions such as metabolic activities,
response to stimuli, motility, dividing behavior or differen-

tiation behavior of these cells. A dysfunction of endothelial



response to stimuli, nmotility, dividing behavior or differen- tiation
behavi or of these cells. A dysfunction of endothelial 18 progenitor cells
may consi st for exanple of only inadequate or no proliferation of these
cells. Since the proliferation of endothelial progenitor cells is
stinmulated by the use of erythropoietin, it is thus possible to conpensate
the deficient dividing behavior both of endothelial progenitor cells and
of previously differentiated endotheli,al cells, and to increase the nunber
of endothelial progenitor cells or e&%othelial cells. A dysfunction of
endot helial progenitor cells may consist for exanple of the inpaired

ability 0f,qdRes6y CeLh S5t Radl fd RIS aF6r-t @xBRAGENG)F &IniGel 1 SaddB@ate |
dysfunction” of endothelial progenitor cells may al so be "caused by their

i npai r edy AdHES iR 18zl cANH T hdSE I cell Bl K86 cabidHd Yool MEgrat Boi n t he
direction of an angiogenic or vascul ogenic stinulus. Such dysfunctions of
endot heléfl enpoepenitdr peebkaimay ledd f ofs exahphkatedt hg itheaivsentf or
prevention of the formation of new endothelial tissue and/or

vascul ogeneshisopdieysiuncitonisef ¢hdst hgldsaibdmeogeami t croryednsatemmytiad so
have a pathogeni c cause, for exanple due to hyper- tension, )

hyper | i pbptiotiemeniddvidiesi dohadlabetwsh ThE cayiothgdiiadn BFOEPbENRI i a
progenitor cells may be manifested for exanple by a reduced production of
NO (= EDRE)1pyamd okypreakess kNeE) ffeppmtiaked n@?%?t@%%%s%%f%ﬁdo%% in

r - tion an r enhan r i on of i
P et e EaG, RO o 39155 o2 FESE oL 14E &8

| CAM 1 drftl VeafepSe the nu
endothelial cells. A dysfunction of endothelial progenitor
.cells may consist for example of the impaired ability of
these cells to differentiate to endothelial cells. The
dysfunction of endotﬁelial progenitor cells may also be
caused by their impéired adhesion ability and/or their
impaired ability to migrate in the direction of an angiogenic
or vasculogenic stimulus. Such dysfunctions of endothelial
progenitor cells may lead for example to the impairment or
prevention of the formation of new endothelial tissue and/or
vasculogenesis. A dysfunction of endothelial progenitor cells
may also have a pathogenic cause, for example due to hyper-
tension, Thyperlipoproteinemia, wuremia or diabetes. The
dysfunction of endothelial progenitor cells may be manifested
for example by a reduced production of NO (= EDRF} by NO
synthases (NOS) from L-arginine, increased endothelin produc-
tion and/or enhanced production of adhesion molecules such as

ICAM-1 and VCAM-1.
The diseases associated with a dysfunction of

‘endothelial progenitor cells are according to the invention



The di seases associated with a dysfunction of endothelial progenitor cells
are according to the invention 19 in particular hyperchol esterol em a,

di abetes nellitus, endotheliumnediated chronic inflanmatory di sorders
such as inflammtions of vessels, endotheliosis including reticulo-
endot hel i osis, atherosclerosis, coronary heart disease, nyocardi al

i schem a; angina pectoris, age-related cardi o- vascul ar disorder, ischemc

di sorders of the extremties, Raynaug's_disease, preecl anpsi a,
M ¢ or acute renal failure,

pregnancy-i nduced hyper- tension, chr
especially terminal renal failure, heart failure, wound healing and

sequel ae; , t hergqf;. . lyper ghol.estenolenda’ i char agterized byeeh evaked
s of ého I 1h 3. § e

concentratio este in the bloo y far t comonest form of

primary Hy@stidiol Geiedel £1e@ hrBakIeM £ autvineF ¢ hal g8t-geekend g-n Sggondary
hyperchol esterol em as fre- quently occur in assoclation wi th diabetes

nel | it usinfNemiolds syidreimsey,pobhdbehdl s85aB8d irpaldindgli setdenso~

"Di abetes nellitus" enconpasses various forns of glucose netabolism

di sorderendbtHeriomis n etitbleagycdrdosdyypt oosroRespondidare f odishese,
devel opnent of vessel-related diabetic conplications is, in particular,
t he AGE-IRAGE:rd&yest ems AGEsL H ,advayided gbpcavirds endpeodadeskedar eapddbduced by
a series of conplex reactions after |ong-lasting exposure of proteins or
| i pi ds t'R3EART ngisegsles, f dpchrBApl edpeedaes orthe ther nakl6aMbF LASES

- takes place during the normal agin , .

Raynaud’s =~ disease, preeclampsia, pregnancy-induced hyper-
tension, chronic or acute renal failure, especially terminal
renal failure, heart failure, wound healing and sequelae
thereof.

“Hypercholesterolemia” is characterized by elevated
concentrations of cholesterol in the blood. By far the
commonest form of primary hypercholesterolemia is polygenic
hypercholesteroclemia. Secondary hypercholesterolemias fre-
guently occur in association with diabetes mellitus,
nephrotic syndrome, hypothyroidism and hepatic disorders.

“Diabetes mellitus” encompasses various forms of
glucose metabolism disorders differing in etiology and
symptoms. Responsible for the development of vessel-related
diabetic complications is, in particular, the AGE-RAGE
system. AGEs (advanced glycation endproducts) are produced by
a series of complex reactions after long-lasting exposure of
proteins or lipids to reducing sugars, for example glucose.
The formation of AGEs takes place during the normal aging

process and to an increased extent in diabetes mellitus and

Alzheimer’s disease. Binding of AGEs leads to oxidative



process and to an increased extent in diabetes nellitus and Al zheiner's
di sease. Binding of ACEs |eads to oxidative 20 stress, activation of the
NF- KB transcription factor and thus a disturbance of endotheli al

honeost asis. "Endot hel i um nedi ated chronic inflammatory di sorders” are
di sorders or conditions of a human or ani mal body which derive froma
def ense response of the body and its tissues to harnful stimuli, with

certain signal nolecules altering the @rpperties of endothelial cells so
that, in concert with the activation df other cell types, |eukocytes
remai n adherent to endothelial cells, finally penetrate into the tissue

and thegerbgiliate: vathsameti eﬁe @ﬁexgxagahgceﬁp%@oﬁn%b%lﬂ Wiy edisat ed
inflammation is | eukocytic vasculitis. A central part is played in the

activati @ndoérarbendet 8el enavandiabedhohebkagerkory event by the
transcription factor NF-KB. Another system |l eading to the devel opnent of

endot hel i al cel | *Engdihatedunhnedi atedfl bampat icons fil amtlhe oAGEJRAGE deyst'em

"Endot hel i osi s" neans degenerative and proliferative endothelial changes
associ at atde wili hondarshcantopeti tl gus pafaa hHuRetn cart oanting hebbdsi shimbans

di seases of the reticulohistio- cytic system such as reticulum

reticul 08¢Eive efTem| d-daferfecyesppssanadfHahe- BeHy pac- diisi stisanedi $ease.

"Myocardi al ischem_ a" _means bl oodl essness or _hypoper-_ fusion, that is an
|npalrne%?r%fu%hétﬁméé&'sdﬁﬂﬁy cortake shgsed #olegulet ehechiagt the a

result of inadepuat e or  abseqt artenial supgly, of il god. A "cardiag

activation of other cell types, leukocytes remain adherent to
endothelial cells, finally penetrate into the tissue and
there initiate inflammation. One example of an endothelium-
- mediated inflammation is leukocytic wvasculitis. A central
part is played in the activation of an endothelium-mediated
inflammatory event by the transcription factor NF-xB. Another
system 1leading to the development of endothelial cell-
mediated chronic inflammations is the AGE-RAGE systemn.
“Endotheliosis” means degenerative and proliferative
endothelial changes associated with non-thrombopenic purpura.
“"Reticuloendotheliosis” means diseases of the reticulohistio-
cytic system, such as reticulum, reticulosis, reticulo-
histiocytosis and Hand-Schiiller—-Christian disease.
“Myocardial ischemia” means bloodlessness or hypoper-
fusion, that is an impairment of the blood supply, of the
muscular wall of the heart as a result of inadequate or
absent arterial supply of blood. A “cardiac infarct” or
“myocardial infarct” is a necrosis of a localized region of

the myocardium, which usually occurs as an acute event



"myocardial infarct" is a necrosis of a localized region of the
myocar di um whi ch usually occurs as an acute event 21 conplicating chronic
coronary heart disease. "Coronary heart disease" or "ischem c heart

di sease" is a degenerative .coronary disorder which, owng to a
constriction or a closure of coronary vessels of the heart, leads to a
reduced blood supply to the myocardium "angina pectoris" neans an acute r
coronary insufficiency or stenocardia Thich may be induced by an inbal ance
of the oxygen supply and oxygen demandtassocia- ted with coronary heart

di sease, coronary spasns, inpairnents of blood flow, cardiac arrhythm as,
hypert engi ols cH BN ONeg - ugd: i L amea i 1 tes
whi ch a?§h®2§S§§§¥§P‘3%5006%5%??§?%gﬁ,9? 5? ?§§%§§§E| E%ggﬁgﬁggggﬁﬁggurs
epi sodi galskysesuald y Wi drhgnids t 8ld A8 ofgifisddngers. £rid@fene Rayngad’ s

di sease is a purely functional inpairment of the small vessels supplying
the di sttalcopanrts dfsdrie exii®m,t isi.ng WherLasorsaconsaion Rmald: sodhsease
has anot her disease wunderlying it, for exanple an inf]lamuation of vessels.
" Pr eecl afpsicaonasranvendel beldfal tlandhgascyl dreadisseasea akdulcedndtbsordl body
and appears to be the effect of endotheliotropic substances fromthe

pl acent auppPdeect@npbiea myaardinind sYsngimdi serader i cheany keadtwote

di sturbances of function of nunerous organs and be manifested by diverse
synpt onsOrPRE rYEaISREHCS afC bl Bo i teusstar ik o gt nappikaal indicqghby

di sorder are the result of an increased_vascular resistance, possibly with
| ocal vaRi afPsdencs §g@é§mquxygepssupply and oxygen demand associa-—

ted with coronary heart disease, coronary spasms, impairments
of blood flow, cardiac arrhythmias, hypertension or hypo-
tension. “Raynaud’s diséase” means ischemic states which are
caused by vasoconstriction, that is vessel spasms, and occurs
episodically, usually in the arteries of the fingers. Primary
Raynaud’s disease is a purely functional impairment of the
small vessels supplying the distal parts of the extremities,
whereas secondary Rynaud’s disease has another disease
underlying it, for example an inflammation of wvessels.
“Preeclampsia” is an endothelial and vascular disease
of the maternal body and appears to be the effect of
endotheliotropic substances from the placenta. Preeclampsia
is a multisystem disorder which may lead to disturbances of
function of numerous organs and be manifested by diverse
symptoms. The impairments of blood supply which are typical
of the disorder are the result of an increased vascular
resistance, possibly with local variations in severity. It is
regarded as confirmed that an endothelial dysfunction is the

central component of the pathogenesis of preeclampsia.



regarded as confirned that an endothelial dysfunction is the central
conponent of the pathogenesis of preeclanpsia. 22 "Renal failure" nmeans in
connection with the present invention the restricted ability of the

ki dneys to excrete substances nornmally excreted in the urine, and in
advanced stages there is also loss of the ability to regulate the

el ectrolyte, water and aci d-base bal ance. Termnal renal failure is
characterized by a collapse of the excretory and endocrine function of the
ki dneys. The renal failure may accorﬂi%@ To the invention be acute renal
failure which is also referred to as acute kidney failure or shock

aneuria Aoute renghafaiding ks Sharfc-sd eLized-bioa SuedeRy AL
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hypo- vol em a, hypotension and dehydration resulting fromblood |osses
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procedures on the heart, vessels, abdonen or prostate), shock (nyocardi al

i nfarct, seaheki Iersetiisouslsd nlleeki ans (hepsilsilpeyi tonitégulate the

chol ecystitis), hemolysis (henolytic-uremc syndrome, paroxysmnal

henogl obeleatirpaytet r angteasi cmnd eant 1d)gseay dalsirscd cr Usrnsyredr omenal
rhabdomyo- |ysis, nyositis, burns), water and electrolyte | osses (nassive
vomi ti ngfadlarehes, ahesessiam zkdry ng, dold@pseacfi ethpansreatptiysynd

Furt her causes may be nephrotoxins such as exogenous toxins, for exanple
ani | i ne, eR9eEBLnEoAPBGRASN of the kidneys.

The renal failure may according to the invention be
acute renal failure which is also referred to as acute kidney
failure or shock aneuria. Acute renal failure is charac-
terized by a sudden partial or complete loss of thé excretory
function of the kidneys as a result of usually reversible
kidney damage. The cause may be hypoperfusion due to hypo-
volemia, hypotension and dehydration resulting from blood
losses (polytrauma, gastrointestinal or postpartum bleeding,
major surgical procedures on the heart, vessels, abdomen or
prostate), shock (myocardial infarct, embolism), serious
‘infections (sepsis, peritonitis, cholecystitis), hemolysis
(hemolytic~uremic  syndrome, paroxysmal  hemoglobulinuria,
transfusion reaction), myolysis (crush syndrcome, rhabdomyo-
lysis, myositis, Dburns), water and electrolyte losses
.(massive vomiting, diarrhea, excessive sweating, ileus, acute
pancreatitis). Further causes may be nephrotoxins such as
exogenous toxing, for example aniline, glycol compounds,
ﬁethanol and the 1like, or endogenous toxins, for example

myoglcbin and oxalates. Further causes of acute renal failure



met hanol and the |ike, or endogenous toxins, for exanple nyoglobin and
oxal ates. Further causes of acute renal failure 23 are renal diseases, for
exanpl e i nfl ammat ory nephropathies or rejection reactions follow ng renal
transpl antation. Acute renal failure may al so be caused by retention of
urine follow ng obstruction to the flow of urine. The treatnent according
to the invention of acute renal failure with erythropoietin |eads
according to the invention to preventi,gn or at |east dimnution of
progression of acute renal failure._Tﬁé renal failure may according to the
invention also be chronic renal failure. Causes of chronic renal failure

are vasgul afen O AR Ls aneh § ubul,ob i €1 ¢ Lhdl + & SPal el SO 8K Ses or

i nfections and 1 nborn or acquired structural defects. uses of chronic

renal faidide @, reRleiodlsl afo LIGRDhE P LR Uk@anppl BYta€hbani Cacute
pyel onephritis, anal gesic nephropathy, obstructive uropathy and arterio-

and art efdrdIosdadregiss. mae alesnmipal slwged ofbychieneatienal ofaihttmei s
urem a. The treatnent according to the invention of chronic renal failure
wi t h eryidirigpaires | nbkéadstaocoorih nghieo fhew i mfeniriore t 0The dineatmemwn in
the progression of chronic renal failure. In connection with the present

i nvent i @scortbiara  Hai ltiree" inwans ignpavifol eghtal seasd whithure avrsih
referred to_ as nyocardial insufficiency or weakness of the heart nuscle.
Heart f&9¥ferqreidiakactedds e drdhadiceRatee f i1 ot ofPTeReN e t, the
heart no | onger bein 'C%ﬁfbje of _efficient, deliveny to cqulg wth the
requireﬁ@hﬁ§ heast dipy iy pf progression of acute rena aillure.

The renal failure may according to the invention also
be chronic renal failure. Causes of chronic renal failure are
vascular, glomerular and tubulointerstitial renal disorders,
infections and inborn or acquired structural defects. Causes
of chronic renal failure are, inter alia, chronic glomerulo-
pathy, chronic pyelonephritis, analgesic nephropathy,
obstructive uropathy and arterio- and arteriolosclerosis. The
terminal stage of chronic renal failure is uremia. The
treatment according to the invention of chronic renal failure
with erythropoietin leads according to the invention to a
diminution in the progression of chronic renal failure.

In connection with the present invention, “heart
failure” means a pathological state which is also referred to
as myocardial insufficiency or weakness of the heart muscle.
Heart failure is characterized by inadequate functioning of
the heart, the heart no longer being capable of efficient
delivery to comply with the requirements. Heart failure can
be categorized according to various aspects. For example,

according to the affected segment of the heart it is classi-



be categorized according to various aspects. For exanple, according to the
af fected segnent of the heart it is classi 24 fied as right heart failure,
| eft heart failure and failure on both sides (global failure). According
to the stability of an equilibriuminfluenced by physiol ogical and

t herapeutic nechanisns, a distinction is nade between conpensated and
deconpensated heart failure. Classification takes place into acute and
chronic heart failure according to the tine course. Causes of heart
failure are, inter alia, nmyocardial 7inflarc- tion, cardi onyopathy, inborn or
acquired cardi ac defects, essential or pulnonary hypertension, cardiac

arr hyt hng a4 ago&qgﬁiylﬁ%?ygeiﬁfﬁﬁ?%; 018E30ﬁgggkt%§ilhgep CEipp ith the

present invention, " woun h in neans t ysi ol ogi cal processes for

regener adh NGotanpged [dEsuier angdi f@Fe £l 0pbaG & NP U, tigspecisd 1 yefosaation
of new connective tissue and capillaries. The wound healing nmay be primary
wound heat i egulfliibst unnt Bkl @endedl bYg)phiwi togiSarhahact efézgdelyi ¢ api d
and conplication-free closure and substantially conplete recovery as a
result ofechamiehs f omnedist dncoionevsconadet ihve: idessueohpenesarn etheardlges of
a wound, which have a good bl ood supply and are approxi mated where

appr opr idgeomedn sacd@ ameawunfaiWuads Qllhese ftikke tedpe s adfe st hel aavmuinitar e
further apart and, in particular, crushed or necrotic, and infected :
wounds, affitfe? RNty & deasidfarial ivimda ¢eerding (secoirl tHenteensheal i ng)

in which, as a result of an (a)bacterial inflammtion, there is filling of
Causes of heart failur€ are, inter alia, myocardial infarc-

tion, cardiomyopathy, inborn or acquired cardiac defects,
essential or pulmonary hypertension, cardiac arrhythmias,
coronary heart disease or myoccarditis.

In connection with the present invention, “wound
healing” means fhe physiological processes for regenerating
damaged tissue and for closing a wound, especially formation
of new connective tissue and capillaries. The wound healing
may be primary wound healing {(first intention healing)}, which
is characterized by rapid and complication-free closure and
substantially complete recovery as a result of minimal forma-
tion of new connective tissue between the edges of a wound,
which have a good blood supply and are approximated where
appropriate, of a clean wound. Wounds where the edges of the
wound are further apart and, in particular, crushed or
necrotic, and infected wounds, undergo delayed secondary
wound healing ({second intention healing) in which, as a
result of an (a)bacterial inflammation, there is filling of
the tissue defect with granulation tissue and extensive

formation of scar tissue. Epithelialization starting from the



the tissue defect wth granulation tissue and extensive formation of scar
tissue. Epithelialization starting fromthe 25 edge term nates the wound
heal i ng. The wound healing is divided into three phases, nanely |atency
phase, prolifera- tive phase and repair phase. The | atency phase in turnis
di vided into the exudative phase wth scab formation, especially in the
first few hours after the wound occurred, and the absorptive phase with
catabolic autolysis, which extends;péﬁg a period of fromone to three days
after the wound occurred. The proliférative phase is characterized by
anabolic repair with production of collagen by fibroblasts and occurs on

the four%?g%ot @E’rﬂl’i{ﬁ{sﬂy d eLolhg "‘H@Q?inﬁ?cuﬂ@d-wo{ﬁﬁir,@féaailrir{?f'a%%

occurs a e elg day after the wound occurred and is characterized

by transgoyiBtionneb wHhedrsad] ORahbsgua dtRik A SiEdse, Apreauddraneans
in connection with the present invention an interruption OF t he coherence
of body tissughase tdndr repbheutpHss. ofhsubstranes apdasaused byrmedbani cal
injury or physically caused cell damage. Types of wound are -mechani cal
wounds, dheidatd wbnnds, thkenesaldawdweds phraath atwiorh wsoads drdmation,

di sease-rel ated wounds. Mechani cal wounds arise through traumatic viol ence
and occuespacpativcahathas fimati sfeon hadrpurdtere ipsundsyundr osiiurged,

| acerating, tearing and abrading wounds, scratch and bite wounds_and

proj ecti@ed \gimdebspretaale wehads aritle taataigh ek pdiicd 15d sheat™héfh col d.

Chem cal wounds arise in particular through the action
extends over a period of from one to three days after the

wound occurred. The proliferative phase is characterized by
anabolic repair with production of collagen by fibroblasts
and occurs on the fourth to seventh day after the wound
occurred. The repair phase occurs after the eighth day after
the wound occurred and is characterized by transformation of
the granulation tissue into a scar.

A “wound” means 1in connection with the present
invention an interruption of the coherence of body tissues
with or without loss of substance and caused by mechanical
injury or physically caused cell daﬁage. Types of wound are
mechanical wounds, thermal wounds, chemical wounds, radiation
wounds and disease-related wounds. Mechanical wounds arise
through traumatic violence and occur in particular as
incision and puncture wounds, crushing, lacerating, tearing
and abrading wounds, scratch and bite wounds and projective
wounds. Thermal wounds arise through exposure to heat or
cold. Chemical wounds arise in particular through the action
of acids or alkalis. Radiation wounds arise for example

~through exposure to actinic and ionizing radiation. Wounds



of acids or alkalis. Radiation wounds arise for exanple through exposure
to actinic and ionizing radiation. Whunds 26 occurring in relation to

di sease are in particular congestion-related wounds, traunatic wounds,

di abetic wounds etc. The invention provides in particular for
erythropoietin to be admnistered preferably topically or intravenously
for wound healing. The present invention therefore relates to the use of
erythropoietin for the therapy of hyperchol esterolem a, diabetes nellitus,
endot hel i um nedi ated chronic inflanﬁa?éry di sorders, endotheliosis
including reticul oendotheliosis, atherosclerosis, coronary heart disease,

nyocardio@cdﬁsrsgc e- An a%i(}agtrf&?t OrlS, §?§é£§ at eg car C—’Linovf%%?gféuﬂ%aud' S
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especi al renal failure, heart ai lure, wound healing an

sequel agdcher@pf . i Jhent IWenb Lo REQV i depalr@li RN epoi £y Phifpbeetin
adm nistered to a patient in a therapeutically effective dose which is
suffici et B Litfidnidce comdpbieoarablantapacandy dr onetrai seasely i for

particular a disease associated with a dysfunction of endotheli al

pr ogeni wanurekHesl iorg t o prevent this condition, to stop the progression of

such a disease and/or to alleviate the synptons of such a disease. The

dose to be adniliiestrerestbrito imvpattiiam depenldsconrebaies ace ofke fee okxanpl e

the age, body wei ght and gender of the patient, the
~erythropoietin for the therapy of hypercholesterolemia,
diabetes mellitus, endothelium-mediated chronic inflammatory
disorders, endotheliosis including reticuloendotheliosis,
atherosclerosis, coronary heart disease, myocardial ischemia,
angina pectoris, age-related <cardiovascular disorders,
ischemic disorders of the extremities, preeclampsia,
Raynaud’s disease, pregnancy-induced hypertension, chronic or
acute renal failure, especially terminal renal failure, heart
failure, wound healing and seguelae thereof.

The invention provides for erythropoietin to be
administered to a patient in a therapeutically effective dose
which is sufficient to cure the condition of an aforemen-
tio_ned disease, in particular a disease associated with a
dysfunction of endothelial progenitor cells, or to prevent
this condition,. to stop the progression of such a disease
and/or to alleviate the symptoms of such a disease. The dose
{:o be administéred to a patient depends on many factors, for

example the age, body weight and gender of the patient, the

severity of the disorders etc.



seVerity of the disorders etc. - 27 It is particularly preferred according
to the inven- tion for erythropoietin, in all the uses, nethods and com

positions of the present disclosure, to be used in very snmall anounts
whi ch are bel ow the amounts known to be enpl oyed, adm nistering in
particular in vivo, i.e. per patient, EPO doses of from200 to 2 000 units

(IU, international units)/week, preferably doses of from500 to 2 000

| U week, depending on the severity of,4he disorder and depending on renal
function. The doses, provided according to the inven- tion, of from200 to
2 000 units (1U) /week and per patient, especially from500 to 2 000

| U/ week and per patiientpadtecububppl yeyidende gesesdihbhatol $hdosesraatd ch do
not lead to erythrocytosis with henmatocrit values of nore than 50% The
subpol ycytikemn todosegthropbdediaccdmdiaigl t oheherdeyentétinod€orndspond t 0
weekly doses of about 1 to 90 units (1U) of EPQO kg of body weight, in
parti cul @osittigngs dfU tdfe ERPE@Seq tofdi seddysumesi,ghito, ber ues esbriparvalve swedkl y
dose of Aranesp of from 0.005 to 0.45 g/ kg of body weight, in particular
0. 005 t 0 amPWEs grikbchf apgdyeswedvghtheAraaeyp- skacusuly PEGaMleyedzPO
The dose of from 200 to, 2 000 units/week per patient, in particular from
500 to 2 3§FGPPELREER %ant pBRLFACHERT, WhitHOq sipPoviRfdd BRESFAFng HES t he
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wi th theuniir‘t]:ist) i/%lee%c,)seproeffe%oéblﬁyo (chl)Jégg 8ff brord&fn V\gb(ghtc{)\'\%elb()(ou wléék,
depending on the severity of the disorder and depending on
renal function. The doses, provided according to the inven-
tion, of from 200 to 2 000 units (IU)/week and per patient,
especially from 500 to 2 000 IU/week and per patient, are
subpolycythemic doses, that is doses which do not lead to
erythrocytosis with hematocrit values of more than 50%. The
subpolycythemic doses provided according to the invention
correspond to weekly doses of about 1 to 90 units (IU) of
EPO/kg of body weight, in particular 1 to 45 IU of EPO/kg of
body weight, or a comparable weekly dose of Aranesp of from
0.005 to 0.45 ug/kg of body weight, in particular 0.005 to
0.225 pg/kg of body weight. Aranesp is a doubly PEGylated
EPO. The dose of from 200 to 2 000 units/week per patient, in
particular from 500 to 2 000 IU/week and per patient, which
is provided according to the invention for the treatment of
diseases or pathological states associated with a dysfunction
of endothelial progenitor cells is very low compared with the
initial dose of 50-150 IU/kg of body weight/week {(usually

starting with 4 000-8 000 IU/week, but also considerably



starting with 4 000-8 000 | U week, but also considerably - 28 higher if
the result of therapy is unsatisfactory) nornmally enployed for the therapy
of renal anemia. A particularly preferred enbodi mrent of the invention
relates to the use of erythropoietin and/or its derivative as active

i ngredi ent for producing a pharmaceutical conposition or a nedicanent for
the therapy of pathol ogical states or diseases associated with a
dysfunction of endotheli al progenitgrzgeLls. An "active ingredient" neans
according to the inven- tion an endogenous or exogenous substance which on
contact wth target nolecules or target cells or target tissues

i nfluencesidgnea ff f tpeenbisated JranetrfPeci i ankuRekiraBsoel,) ticysdasy
organs or organisnms. The invention thus provides for erythropoietin as

active i rgadiwd ffr the phayr@|gews ealnalcemeasid.i on of the invention
influencing the proliferation, differentiation and/or mgration behavior
of endothelial prameniorlaely soonfeorddcenbbdirant hoif nthehumarendri cani mal
organismin such a way that dysfunctions of endothelial progenitor cells
can be corpg@iss d dlid tusne difs eaydd ropedwtriimagral ar ddiss dlgudived iofe @fese
dysfunctions effectively controlled, alleviated or elimnated, or these
di seases 2t ing§diny eft e dPr PAUEHRG et PHRTWRCKYRE2pr SSEMOSIHidnmt i on,
a "pharma- ceuticagl composjtion” a "nedic nent%ggfans m xture which

or
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diseases associated with a dysfunction of endothelial
progenitor cells.

An “active ingredient” means according to the inven-
tion an endogencus or exogenous substance which on contact
with target molecules or target cells or target tissues
influences in a differentiated manner specific functions of
tissues, organs or organisms. The invention thus provides for
erythropoietin as active ingredient of the pharmaceutical
composition of the invention influencing the proliferation,
differentiation and/or migration behavicr of endothelial
progenitor cells on contact therewith in a human or animal
organism in such a way that dysfunctions of endothelial
progenitor «cells can be compensated and the diseases
occurring as a consequence of these dysfunctions effectively
controlled, alleviated or eliminated, or these diseases
effectively prevented.

In connection with the present invention, a “pharma-
ceutical composition” or a “medicament” means a mixture which
is used for diagnostic, therapeutic and/or prophylactic pur-

poses, that is promoting or restoring the health of a human

or énimal body, and which includes at least one natural or



poses, that is pronoting or restoring the health of a human or ani nmal

body, and which includes at | east one natural or - 29 synthetically
produced active ingredient which brings about- the therapeutic effect. The
pharmaceutical conposition nmay be either a solid or a liquid m xture. For
exanpl e, a pharma- ceutical conposition including the active ingredient may
conpri se one or nore pharnaceutically acceptable conponents. The
pharmaceutical conposition nay additignally include additives nornally
used in the art, for exanple stabilTz PsT manuf acturing materials, release
agents, disintegrants, enulsifiers or other substances normally used for

har ma- i cal 0S) t] r i.on. e, nventi i.des
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i nfl ammatieny disosdelg SHCR asduifd ammddans oforvesasble, endgiahiosi s
i ncludi ng reticul oendot heliosis, atherosclerosis, coronary heart disease,

myocar diclutiiseheMcampodni@iba Peatonds ngageheel atedvear thgvastethar mhiysor der,
ischem c disorders of the extremties, Raynaud's di sease, preeclanpsia,

pr egnaneypnipnduee iy per tease ophaanateuar cadiyoriccaperdl]l o ardnpancraspeci al |y
termnal renal failure, heart failure, wound healing and sequel ae thereof.
. The phaTingc euthiaataeoripios t | opompos heionvengiyon adehi t Uomaddivt abineclsteh for
topical and for system c adm nistration. : o
additives normally used in the art, for example stabilizers,
manufacturing materials, release - agents, disintegrants,
emulsifiers or other substances normally used for pharma-
ceutical composition production.

The invention provides in particular the use of
erythropoietin and/or a deriﬁative thereof as active
ingredient for producing a medicament for the therapy of
'hypercholesterolemia, diabetes mellitus, endothelium-mediated
chronic inflammatory disorders such as inflammations of
vessels, endotheliosis including —reticuloendotheliosis,
atherosclerosis, coronary heart disease, myocardial ischemia,
angina pectoris, age-related cardiovascular disorder,
ischemic disorders of the extremities, Raynaud’s disease,
preeclampsia, pregnancy-induced  hypertension, acute or
chronic renal failure, especially terminal renal failure,
heart failure, wound healing and sequelae thereof,

The pharmaceutical composition of the invention may
be suitable both for topical and for systemic administration.

A preferred embodiment of the invention provides for

the pharmaceutical composition to be used for parenteral, in



A preferred enbodi nent of the invention provides for the pharnmaceuti cal
conposition to be used for parenteral, in 30 particular intravenous,

i ntramuscul ar, intracutaneous or fi subcutaneous adm nistration. The

eryt hropoi etin-contai ning nedicament preferably has the formof an
injection or infusion. A further use provides for the erythropoietin-
cont ai ni ng pharnmaceutical conposition to be adm nistered orally. For
exanpl e, the erythropoietin- containing medi canment s administered in a

li quid dosage form such as a solution;” suspension or enulsion, or a solid
dosage formsuch as a tablet. A further use provides for the

phar mc%f@ﬂuw Poskiionohe belmgﬁxﬁlseu&ga» PUliIANAI N AT r@t i on or

for at1on he i nvention thus provid of erythropoietin to be

admi ni Stﬂﬁ'&ﬁih@ower@daﬁﬂw@&awl&ifeoltﬂé/e SRRFopdi &bt L doo i | ungs
of the patient. This type of adm nistration of erythrop0|et|n makes it

possi bl end@i slghdver pedferady opaiet igthaloskoui okt y 410 aippddeisn widhout
the need to performan injection. Wien erythropoietin is absorbed through
t he | ungisnfisienpossible to deliver considerable anounts of erythropoietin
via the lungs to the bloodstream which |eads to increased anmobunts of
erythropoietin ik tfiertitpodsseeaprovidaspr ber r ddieenbodly hierepofet e
invention, the pharnmaceutical conposition to be absorbed through the |ung
is contalnlng pharmaceutical composition to be administered
orally. For example, the erythropoietin-containing medicament
is administered in a liguid dosage form such as a so%ution,
suspension or emulsion, or a solid dosage form such as a
tablet.

A further use provides for the pharmaceutical com-—
position fo be suitable for pulmonary administration or for
inhalation. The invention thus provides for erythropcietin to
be administered in a therapeutically effective manner
directly onto the 1lungs of the patient. This type of
administration of erythropoietin makes it possible to deliver
an erythropoietin dose quickly to a patient without the need
to perfofm an injection. When erythropoietin is absorbed
through the lungs it is possible to deliver considerable
amounts of erythropoietin via the lungs to the bloodstream,
which leads to increased amounts of erythropoietin in the
bloodstream. In a preferred embodiment of the invention, the
pharmaceutical composition to be absorbed through the lung is
an aqueous or nonaqueous solution or a dry powder. When the

erythropoietin~containing medicament to be administered by

the pulmonary route is in the form of a dry powdexr, the



an aqueous or nonaqueous solution or a dry powder. Wen the

eryt hropoi eti n-contai ni ng nedi canent to be adm nistered by the pul nonary
route is in the formof a dry powder, the 31 latter preferably includes
eryt hropoi etin-containing particles, where the particles have a dianeter
of less than 10 m so that the nedi canent can al so reach distal regions
of the patient's lung. A particularly preferred enbodi nent of the

i nvention provides for the nedicament WhLCh is to be admnistered by the
pul nonary route to be in the form of gn aerosol. A particularly preferred
enbodi nent of the invention relates to the use of erythropoietin for

produci ngy @ fphar M LeUtACRl composithon forethentbgsapyintchtganesy
associated wth a dysfunction of endothelial progenitor cells, where the

phar mac it Hciad 1 £OTPWBE LE OBhEORRIES e Residles er vithimepeiretdM 1dsasthghi ve
ingredient at |east one further additional active ingredient to stinulate
endot heli@lumr ogenthat aelel snediRanfant heanaellisve resgieddental srpgebesabl y
an active ingredient which stimulates in particular the physiol ogical

nobi | i zatf drhefpandatties i Aingr dyartoicekht by f poafehecdosmbodamenty, of
However, the further active ingredient may al so be according to the

i nvent i ohaniazeniéonngeeely b¥es wiiceh thei madikeynent pabdickul % 9% BRvi di ng
behavior, that is the proliferation, of endothelial progenjitor cells.
However ,2dmHbrs-geed Ry the EB%@PB?FWth%RﬁHEWnBet6ntm§qI%Rﬁﬂi% fBr

aerosol.

A particularly preferred embodiment of the invention
relates to the use of erythropoietin for producing a pharma-
ceutical composition for the therapy of diseases assoclated
with a dysfunction of endothelial progenitor cells, where the
pharmaceutical composition comprises besides erythropoietin
as active ingredient at least one further additional active
ingredient to stimulate endothelial progenitor cells.

The further active‘ingrédient is preferably an active
ingredient which stimulates in particular the physiological
mobilization of endothelial progenitor cells from the bone
marrow. However, the further active ingredient may also be
according to the invention an active ingredient which‘
stimulates in particular the dividing behavior, that is the
proliferation, of endothelial progenitor cells. However,
there is also the possibility according to the invention for
the further active ingredient in particular to stimulate the
differentiation behavior and/or the migration behavior of

~endothelial progenitor cells. The further active ingredient

which stimulates endothelial.progenitor cells 1s particularly



the further active ingredient. in particular to stinulate the
differentiati on behavior and/or the m gration behavior of endothelial
progenitor cells. The further active ingredient which stinulates

endot helial progenitor cells is particularly 32 - fi preferably VEG, PIG,
GwWt CSF, an HMG CoA reductase inhibi- tor, in particular a statin such as
sinvastatin, nmevastatin or atorvastatin, and/or an NO donor, especially
L-arginine. The invention also provid for the at |east one further
active ingredient in particular to stitfulate differentiated endotheli al
cells, that is the proliferation and/or mgration thereof, but not

endot hel i ni celql Rakidedl aL .pn ce. d j EAntBksS
connect i%%%%%vgggéi ?If(}i%‘tir O(%F a(g%#'gr (%\?vt ﬁﬁ% %%%%%%Q%EP%B A
further jepbodi Fepk rofi cihari nvest 4 00nr ghahesd OsiMeastiseiOf ReyhBEapehetin

and/ or derivatives thereof as active ingredient for producing a

phar macedit | £i8d r€0MPOSit ) cind Lor sdh ubatienengdotbpktahlpyogeargoniael.ls, in
particular to stinulate the nobilization, proliferation, differentiation
to endothelial Tietl| 9dnarditdronf oalsbgrptovides tier dihectaon lgfast one
vascul ogeni ¢ or angi ogenic stimulus. The invention further provides for

t he use fofrigien hr eptiieei n Bmatedieént dem vaphvescudsracttive shgmedeést for
produci ng a pharnmaceutical, conposi- tion to stinulate vascul ogenesis

and/ or efdoferdntinted randetbalipd metizul Ghatn ishetRRIUPTORGABAR 26 ©BNi mal

organi sm The present invention therefore also rela ei,tg : )
and/or migration thereof, but not endothelia progenitor

cells. Particular preference is given in this connection to
b¥GF (basic fibroblast growth factor) or angiogenin;

A further embodiment of the invention relates to the
use of erythropoietin and/or derivatives thereof as active
ingredient for producing a pharmaceutical composition to
stimulate endothelial progenitor cells, in particular to
stimulate the mobilization, proliferation, differentiation to
endothelial cells and/or for migration in the direction of a
vasculogenic or angiogenic stimulus. The invention further
provides for the use of erythropoietin and/or its derivatives
as active ingredient for producing a pharmaceutical composi-
tion to stimulate vasculogenesis ‘and/or endothelium forma-
tion, in particular in the adult human or animal organism.

The present invention therefore also relates to
pharmaceutical compositions to stimulate endothelial progeni-
tor c¢ells, in particular to stimulate the mobilization,
proliferation, differentiation thereof to endothelial cells
and/or migration in the direction of a vasculogenic or

angiogenic stimulus, to stimulate vasculogenesis and/ox



pharmaceutical conpositions to stinulate endothelial progeni- tor cells, in
particular to stinmulate the nobilization, proliferation, differentiation
thereof to endothelial cells and/or mgration in the direction of a

vascul ogenic or angiogenic stimulus, to stinulate vascul ogenesis and/or 33
endot hel ium formation and for the treatnent of disease of the human or

ani mal body which are associated with a dysfunction of endotheli al
progenitor cells and/or endothelial cells. The present invention relates
in particular to pharnmaceutical conp Si fions or medi caments which incl ude
erythropoietin as active ingredient and at |east one further active

er ythr s redi . ! active
L8t ed eni e T e IR e PP Rbedan: St e Zhal ot M onti on

rel ates fgndthasegeubd cabogoMRasthi e MU Hitke ude eryt 8y op@hetisn and at
| east one further active ingredient fromthe group consisting of VEG,

Pl GF, GM£Indotate HMF @A Fatued asee i nhi dhd osx émdpetidiLal aceBl St ather such
as sinvastatin, nevastatin or atorvastatin, an NO donor, especially

L- ar gi nigwssaBRGF iangnangnogeailateA fiut perr tpurceflenr edoenblioalrmeotuoicdhe
invention relates to the use of erythropoietin for producing a trans-

pl ant ableomgnokot thiedri sl orelmedirepardts orhidheinnledei aryProudetim 24i s
connection in particular for endothelial <cells to be produced in vitro by
cul ti vatdaig-endonrdieddgnt pangdentt deagdl 10919 fumd it exdnkee ol neF§ehedbpoi etin

and subsequently transplanted into a recipient organis in
toqstimuXate eéﬁothelial progenie%r cellg and?or differen-

tiated endothelial cells. In a preferred embodiment, the
present invention relates to pharméceutical compositions
which include erythropoietin and at least one further active
ingredient from the group consisting of VEGF, PIGF, GM-CSF,
an HMG-CoA reductase inhibitor, in particular a statin such
as simvastatin, mevastatin or atorvastatin, an NO donor,
especially L-arginine, bFGF and angiogenin.

A further preferred embodiment of the invention
relates to the use of erythropoietin for producing a trans-
plantable endothelial <cell preparation. The invention
provides in this connection in particular for endothelial
cells to be produced in vitro by cultivating endothelial
progenitor cells in the presence of erythropoietin and
subsequently transplanted into a recipient organism, in
particular an organism suffering from a disease associated
with a dysfunction of endothelial progenitor cells. For
example, mononuclear cells (MNC) can be isolated from blood
by density gradient centrifugation and cultivated in suitable

culture media in vitro. Methods for the isclation and



particular an organismsuffering froma di sease associated wth a
dysfunction of endothelial progenitor cells. For exanple, nononuclear
cells (MNC) can be isolated fromblood by density gradient centrifugation
and cultivated in suitable culture nedia in vitro. Methods for the
isolation and 34 in vitro cultivation of nononuclear cells are described
for exanple in Asahara, Science, 275 (1997), 964-967; Dimeler et al., J.
Clin. Invest., 108 (2001), 391-397 ang Ll evadot et al., J. din. Invest.
108 (2001) 399-405. The nononucl ear & s are then cultlvated further in
the presence of erythropoietin in order to stinmulate the prollferatlon and

di {1 er engj aid op, bENRYL oL 19bnt i apdabheli alr PLAgER! Lot collsys presen

the MNCs, and in particular to increase the nu of dl%%erentlate

adher enteﬁmﬁweiﬁaésgﬁéfé §B§ehe¥en21;9n 1§b$p p@@uuj@s fOEnkBeer et
cultivation of the MNCs to take place .in the presence of erythropoietin

and at |gas} ane diurihetnvesbs) anos Wiodn st i pulages el prodvdesat een and
differentia- tion of endothelial progenitor cells. The further substance
particularly prefdriabl yIstpkoyed 108 VEGH) 1 Pl GB9-@WsCSFrhanmbondohearsuch
as L-arginine or an HM& CoA reductase inhibitor such as a statin, in

parti cul @lks nvase at thennevadttdtviartegr fatrdtheast atni n. tite f upraeenpe ef efr ed
enbodi ment of the invention provides for the use of erythropojietin for the
pr et r eatpENEhrepeiiof it uithe?rdeeatmettiglulats uééleorpm%’aﬁ'%laﬂ‘ol% BRéns-

planted. In this case, the transplants are treated with
differentiation behavior of the endothelial progenitor cells

present in the MNCs, and in particular to increase the number
of differentiated adherent endothelial cells. The invention
also provides for the cultivation of the MNCs to take place
in the presence of erythropoietin and at least one further
substance which stimulates the proliferation and differentia~
tion of endothelial progenitor cells. The further substance
particularly preferably employed is VEGF, PIGF, GM-CSF, an NO
donor such as L-arginine or an HMG-CoA reductase inhibitor
such as a statin, in particular simvastatin, mevastatin or
atorvastatin.

A further preferred embodiment of the invention
provides for the use of erythropoietin for the pretreatment
and/or further treatment of tissues or organs to be trans-
planted. In this case, the transplants are treated with
erythropoietin before the transplantation, preferably
immediately before, while still in the donor organism. The
~recipient organism can likewise be treated with erythro-
poietin from the time of transplantation onwards. This

treatment of the organs or tissues to be transplanted, both



erythropoietin before the transplantation, preferably imediately before,
while still in the donor organism The recipient organismcan |ikew se be
treated with erythro- poietin fromthe tinme of transplantati on onwards.
This treatnment of the organs or tissues to be transplanted, both 35
directly before and after transplantation, with erythro- poietin achieves
according to the invention rapid formati on of new bl ood vessels in the
transpl ant after transplantation } has taken place into a body, because of
t he i nduced vascul o- genesis, and rép?é connection of these newy forned
bl ood vessels to the blood system of the recipient organism The

f or mat i O@%%C%pgogé%&r% iS4 kg\@tgg %Féﬁéﬁ?ﬁﬂﬁé%{jﬁfi N4y s e%’%hsr The

treat nen an or tissue transpl an oporetin %I’I ngs

about f a}%ﬁtﬂrﬁ?&iﬂg%@éép'ac%fordtilﬁgsQ:osyﬁkégngniv@rﬂttﬂgnbcf%ficf S onsd der abl y

reduci ng t ris rejection. furt evel opnent the 1 nvention

provi de ff Mew LHECOH IRBs9E1ET SHUR KL *ANSRINhtt i Aes:t read s Rafofei dd ans-
plantation with erythropoietin in conbination with at |east one further

factor whichstenmubpies endet hebbak, ppegeniseoiof agld sinddie famd@ild-s
preferably a substance fromthe group consisting of VEGF, PIGF, GV CSF, an
HVG- CoA gegduitsgs eantinhidp tdr cohoecexanplef atakati mewhy pdaptrined! aslood
sinmvastatin, nevastatin or atorvastatin, or an NO donor, in particular
L- ar gi nivessed s uke héhedevatapnerstenovifdeshd orechpiongarwrganisinssyie
transplants to be treated before transplantation )

' formation of endothelia is likewise achieved quickly in this
way. The treatment of organ or tissue transplants with
erythropoietin thus brings about faster incorporation of
these systems in the body, thus considerably reducing the
risk of rejection.

A further development of the invention provides for
the organ or tissue transplants to be treated before trans-
plantation with erythropoietin in combination with at least
one further factor which stimulates endothelial progenitor
cells. This factor is preferably a substance from the group
consisting of VEGF, PIGF, GM-CSF, an HMG-CoA reductase
inhibitor, for example a statin, in particular simvastatin,
mevastatin or atorvastatin, or an NO doncr, in particular
L-arginine. A further development provides for the organ or
tissue transplants to be treated before transplantation
besides erythropoietin with a further substance which
stimulates the proliferation and migration of differentiated
endothelial cells. This substance is particularly preferably

angiogenin or bFGF. A further development provides for the

pretreatment of the organ or tissue transplants with erythro-



besi des erythropoietin with a further substance which stinulates the
proliferation and mgration of differentiated endothelial cells. This
substance is particularly preferably angiogenin or bFG-. A further
devel opment provides for the pretreatnent of the organ or tissue
transplants with erythro 36 poietin to take place using isolated and,
where appropriate, in vitro expanded endothelial progenitor cells. A
further particularly preferred enbodi nent of the invention provides for
erythropoietin to be used to produceé 3§nﬁlantable or transpl antabl e
cell-containing in vitro organs or tissues. The invention provides in

A R L R L Ll

at1on or erythrdpoi et ro 1h order

to sti wha%t%d%g%géﬁ%de%%ﬁhgalﬁ?gp i G aégl][gr esent in the body of

t he recipi ent orga t ysi ol ogi cal nobilization,

mgration, prolif eggiiparansthrdidfienenti giibesriber egfnodiifed€CoR efhe
organismis preferably treated furthér, —after transplantation or

i npl ant atives tafort Nerovides t FOroegdthopdissiie. b t Beelythlr apoitddutd t he
doses of the invention. Treatnment of the in vitro organ or tissue before
t ranspl dapdntmbdre idwltardratg lembtaldle erelt hropoietining aid, vites eorgans
appropriate, subsequent treatment of the recipient organismwth :
eryt hr opai etinsachi eVl adeeditignt oprheidagenint ipar triapildf ofeut i ©re of new
bl ood vessels in the in vitro organ or tissue systemafter transplantation
or i npl @Fvani o hasstgkarqsiumss | e ovatbedye Hewatiseabedt hefargucee
vascul o-
transplantation or implantation with erythropoietin in vitro
in order to stimulate endothelial progenitor cells which are
present in the body of the recipient organism, especially the
physiological mobilization, migration, proliferation and
differentiation thereof. The recipient organism is preferably
treated further, after transplantation or implantation of the
in vitro organ or tissue, with erythropoietin in the doses of
the invention. Treatment of the in vitro organ or tissue
before transplantation or implantation with erythropoietin
and, where appropriate, subsequent treatment of the recipient
organism with erythropoietin achieves according to the inven-
" tion rapid formation of new blood vessels in the in vitro
organ or tissue system after transplantation or implantation
has taken place into a body, because of the induced vasculo-
genesis, and rapid connection of these newly formed blood
vessels to the blood system of the recipient organism. Rapid
formation of endothelia and thus reendothelialization is

likewise achieved in this way. Treatment of the in vitro

organ or tissue systems with erythropoietin thus brings about



genesi s, and rapid connection of these newy forned blood vessels to the
bl ood system of the recipient organism Rapid formation of endothelia and
thus reendothelialization is |ikew se achieved in this way. Treatnent of
the in vitro organ or tissue systens with erythropoietin thus brings about
37 faster incorporation of these systens into the body, thus considerably
reducing the risk of rejection, and serves to protect the transplant. An
"in vitro organ or tissue systenf neans a transplantable or inplantable
cell-containing tissue or organ whith37s produced in vitro using defined. -
cells and/or defined tissues and under defined culture conditions. An

"1 mpl ant abl in vit ti t ent syst.em whi ¢hy,

bes! des CBPFSY | HTTIY Eishentls TATSF i APS CR™ (HANSpifdit -DaBY e 14 tro
i ' i .i_gul . l, - t.ai ni t
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individugkotgggpgh§e§rgﬁg?ggﬂggs substances. In vitro organs or tissues
are characterized in particular by substantially corresponding in terns of

their structureaho the RAtHME CSHNS Obrti SSUEHIAMI Shs@dR t OmBansr epl aced,
and thus are able to undertake the function of the replaced native organs

or tissuesahBplbaM@abDaeodeyppopaeablef ckhe -icaveatinghgprdwisites drofodda@ 1 n
vitro organ or tissue systens to be treated before trans- plantation or
i mpl ant avhdohwi shpepgtibhedpahetihrionusdndi datfiiowd welld satanlddast derfd regr t her
factor which stinul ates endot heli al
tissues and under defined culture conditions. An “implantable
in vitro organ or tissue system” means a system which,
besides cells, includes exogencus materials. A “transplant-
able in vitro organ or tissue system” means in particular a
cell-containing system which, besides cells, tissue or organs
of the same or a different individual, comprises endogenous
substances. In vitro organs or tissues are characterized in
particular by substantially corresponding in terms of their
structure to the native organs or tissues which are to be
replaced, and thus are able to undertake the function of the
replaced native organs or tissues in vivo.
| One development of the invention provides for the
in vitro organ or tissue systems to be treated before trans-
plantation or implantation with erythropeoietin in combination
with at least one further factor which stimulates endothelial
progenitor cells. This factor is preferably a substance from
the group consisting of VEGF, PIGF, GM-CSF, an HMG-CoA
reductase inhibitor, in particular simvastatin, mevastatin or

atorvastatin, and an NO donor. A further development provides

for the in vitro organ or tissue systems to be treated before



progenitor cells. This factor is preferably a substance from the group
consi sting of VEGF, PIGF, GWCSF, an HM5 CoA reductase inhibitor, in
particul ar sinmvastatin, nmevastatin or atorvastatin, and an NO donor. A
further devel opnent provides for the in vitro organ or tissue systens to
be treated before ----------- ----- - - 38 transplantation
or inplantation besides erythropoietin with a further substance which
stinulates the proliferation and mgration of differentiated endotheli al
cells. This substance is particularly8preferably angi ogenin or bFGF. A
further devel opnment provides for the in vitro organ or tissue systens

dditi |1y t I i sol at d iate, . |

opanded T AT 0 ot e Lt 1 00 AFL S AT b ererr st ERcH e of
the i ti | at to the. . Leti . of |
orost noct e ned P PR, WHERE BrdRpLatay b cpRels BB R ] dR a2

are CO&H@%HH{?% MOPRLALIE DRIRT End RELIOD cd 11O, arbpdysubBeRaed i cul ar

a human e coating vascul ar prostheses or heart valves with

eryt hropad etjqb i36hi8ves shbrukabion Shgengdehhsl icd mregeni horfeethsrin the
body of the recipient organism stimulating in particular their

mobi | i zatd-wm dgrsn it er benee4Tef$10Whe heh rvpeodi degat i on, tisheersystems
differentiation to endothelial cells and their mgra- tion to the enpl oyed
vascul araduastdreskelsy ortcheashpyabeesi soFatédwiargl,i nwvhedect appropriaee,
vascul ar prosthesis or heart valves produced in this way into a body, the
| atter cian Wiecro expanded endothelial progenitor cells.

A further preferred embodiment of the invention
relates to the use of erythropoietin for producing vascular
prostheses or heart valves, where the vascular prostheses or
heart valves are coated with erythropoietin before insertion
into a body, in particular a human body. The coatiﬁg of the
vascular prostheses or heart valves with erythropoietin
achieves stimulation of endothelial progenitor cells in the
body of the recipient organism, stimulating in particular
their mobilization from the bone marrow, their proliferation,
their differentiation to endothelial cells and their migra-
tion to the employed vascular prostheses or heart valves.
Following introduction of the wvascular prosthesis or heart
valves produced in this way into a body, the latter can be
treated further with erythropoietin, in particular in the
doses of the invention. This results in faster formation of
endothelial layers on the employed vascular prostheses and
thus faster incorporation into the relevant area of the body.

A preferred development provides for additionally employed

isolated and, where appropriate, 1in vitro expanded endo-



treated further with erythropoietin, in particular in the doses of the
invention. This results in faster- formation of endothelial |ayers on the
enpl oyed vascul ar prostheses and thus faster incorporation into the

rel evant area of the body. A preferred devel opment provides for
additionally enployed isolated and, where appropriate, in vitro expanded
endo 39 thelial progenitor cells for coating the vascul ar prostheses and
heart val ves. The present invention |likew se relates to a nethod for
stimulating endothelial cell formatioR%im vitro conprising a) isolation of
cell popul ations conprising endothelial progenitor cells from bl ood by

f_densi.t di ent i tion.b) cultivati f_the isolated
ol I popiitrtn R B | L Lndbbhar P BPog o (A e T CHI=E0I fur o

medi um anrgﬁnﬁgltlvatlon of the cell populations in the presence of

erythroﬁ%}etl Iﬂ?%ﬁﬁﬁivation of the cell populations can according to

the i nvention taje. phACEchD LG dNERENCEs PhyfsL UbRR o oSUBS! ANGRe Wl

stinmul at es endot he progeni tor ce e present invention further
rel ates 4@ a etk f10mg t r eafddihdi sepsescassoci@wthtid a dysfined i on of

endo- thelial progenitor cells by admnistering erythropoietin in a dose
of frome2prizsihP00 | U week, in particular in a dose of
a) isolation of cell populations comprising endothelial
progenitor cells from blood by means of density
gradient centrifugation
b} cultivation of the isolated cell populations compris-

ing endothelial progenitor cells in cell culture

medium, and
c} cultivation of the céll populations in the presence

of erythropoietin.

The cultivation of the cell populations can according
to the invention take place in the presence of a further
substance which stimulates endothelial progenitor cells.

The present invention further relates to a method for
treating diseases associated with a dysfunction of endo-
thelial progenitor cells by administering erythropoietin in a
dose of from 200 to 2 000 IU/week, in particular in a dose of
from 500 to 2 000 IU/week, to a patient with such a disease.
The method of the invention is particularly suitable for
treating diseases of the human body such as hyper-
cholesterolemia, diabetes mellitus, endothelium-mediated
chronic inflammatory disorders such as inflammations of

vessels, endotheliosis including reticuloendeotheliosis,



from500 to 2 000 | W week, to a patient wth such a disease. The nethod of
the invention is particularly suitable for treating diseases of the human
body such as hyper- chol esterol em a, diabetes nellitus,

endot hel i um nedi ated chronic inflamuatory disorders such as inflammations

of vessels, endotheliosis including reticul oendotheliosis, - 40
at heroscl erosis, coronary heart disease, nyocardial ischema, angina
pectoris, age-rel ated cardi ovascul ar di sorder, ischenm c disorders of the

extremties, Raynaud's disease, preeéPanpsia, pregnancy-induced
hypertensi on, acute or chronic renal failure, especi aI I y term nal renal

failure, heart failure, wound heg}el n ;f[ld sequel ae. ferr d enbodl ment
of the EtFFPHLURST STy EALBIRTY ded 'sé[%’e%a Tth a

dysfunctlon of endathelial pro enlt r eIIs owdes for ad tionto
the pat Bt Hesi é’eesqcéﬁ?‘[%r op(ﬁ ach I eaas]{)c{ one T Her %]lfléeéra
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si nvast t|n astatin‘or - atorvastatin hé* NO donor which is

adm ni St&f&ﬁu‘é peaber -rapl yrd; ardigiden1 A f wet-hehanr etenaed eadbpdigaent of
the method of the invention for treati ng di seases associated with a

dysf unctieyrt ofaiangdes,heldwld preedeinid aind eddgueglraavi des for endot hel i al
progenltor cells to be isolated fromthe bl ood of a human

A preferred embodiment of the method of the invention
for treating diseases associated with a dysfunction of
endothelial progenitor cells provides for administration to
the patient besides erythropoietin of at least one further
active ingredient selected from the group consisting of VEGF,
PIGF, GM—CSF, an HMG-CoA reductase inhibitor and.an NO donor.
The HMG-CoA reductase inhibitor which is administered is
preferably a statin such as simvastatin, mevastatin or
atorvastatin. The NO donor which is administered is prefer-
ably L-arginine.

A further preferred embodiment of the method of the
invention for treating diseases associated with a dysfunction
of endothelial progenitor cells provides for endothelial
progenitor cells to be isolated from the blood of a human
organism, to be expanded in vitro using erythropoietin and to
be differentiated to endothelial cells and, after purifica-

- tion and isolation of the differentiated endothelial cells or
the differentiating endothelial progenitor cells, the latter
then to be transplanted in a targeted manner into a region of

the body, a tissue or an organ of a patient which is damaged



organism to be expanded in vitro using erythropoietin and to be
differentiated to endothelial cells and, after purifica- tion and isolation
of the differentiated endothelial cells or the differentiating endothelial
progenitor cells, the latter then to be transplanted in a targeted manner
into a region of the body, a tissue or an organ of a patient which is
damaged - 41 owing to the dysfunction of endothelial progenitor cells

and/ or endothelial cells, in order to induce local formation of new
endotheliumthere. A nore targeted and‘taster treat- nent of the damaged
regions of the body, tissues and/or organs of the patient is possible in
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endot hel i a progenitor ce rom y nmeans of density gradi ent

centrifugatiQn dNadidiMahi eRePE .t he neld POPYL ALl 0RRAC HMRIH Nreat -
endot helial progenitor cells in cell culture nedium c¢) cultivation of the

cel | populeati 088 GOEr Henageendpthebhal &f ogenri t Bbdee!l | sissuébe fidsance of
erythropoietin to stinulate the proliferation of endothelial progenitor
cel | s andkomndi fffertdndt i it bent t her eofsstikvlendiot hethi al weegl.| $hid) dnswidchit+ on
and purification of the differentiated endothelial cells, and
ment of the method of the invention for treating diseases
associated with a dysfunction of endothelial progenitor cells
comprises the following steps:

a) isolation of cell populations comprising endothelial
progenitor cells from blood by means of density
rgradient centrifugation,

b) cultivation o¢of the «c¢ell populations comprising
endothelial progenitor cells in cell culture medium,

¢} cultivation of the «c¢ell populations comprising
endothelial progenitor <cells in the presence of
erythropoietin to stimulate the proliferation of
endothelial progenitor cells and/or differentiation
thereof to endothelial cells,

d) isolation and purification of the differentiated
endothelial cells, and

e) transplantation of the differentiated endotheiial
cells into a body with a disease associated with a
dysfunction of endothelial progenitor cells.

Following transplantation of the differentiated

endothelial cells into a body, the latter can be treated

further with erythropoietin, in particular in the_doses‘of



e) transplantation of the differentiated endothelial cells into a body
wWth a disease associated with a dysfunction of endothelial progenitor
cells. Following transplantation of the differentiated endothelial cells
into a body, the latter can be treated further with erythropoietin, in
particular in the doses of 42 from 200 to 2 000 | U week provided according
to the invention. It is possible according to the invention for the cel
popul ati ons conprising endothelial progenitor cells to be cultivated in
vitro in the presence of at |east orie *4 urt her active i ngredi ent sel ected
fromthe group consisting of VEG-, PI G-, G\ CSF, an HMG CoA reductase

(i nhibitor, gnd 3p, NQodO”Qrooth?pW@e@Aﬂreo%‘f&&?e EEEE%EW ”%fod fppethe
cultivation is preferably a“stafin such®as” sinvastatin, mevastatin or
atorvastgljdhe s further preferred enbodi nent of the invention relates to a

met hod for treating vascul ar disorders, conprising: a) isolation of cel

popul ations conprd siBY Easlofbed | Alccoiageni £8r Rl | sn{epf bhoatdhbytAeans of
density gradient centrifugation, b) cultivation of the cell popul ations

conpri sicxgl.1l epsiot het i ahspregeitsdmeethSotRelebl uldwnd trediasmls Clo
cultivation of the cell populations conprising endothelial progenitor cells
in the presemdeioited in vitro in the presence of at 1least one
further active ingredient selected from the group consisting
of VEGF, PIGF, GM-CSF, an HMG-CoA reductase inhibitor and an
NO donor. The HMG-CoA reductase inhibitor used for the
cultivation is preferably a statin such as simvastatin,
mevastatin or atorvastatin.

A further preferred embodiment of the invention
relates to a method for treating wvascular disorders,
comprising:

a) isolation of cell populations comprising endothelial
progenitor cells from blood by means of density
gradient centrifugation,

b} cultivation of the cell populations comprising
endothelial progenitor cells in cell culture medium,

c) cultivation of the «cell populations comprising
endothelial progenitor cells in the presence of
erythropoietin to stimulate the proliferation of
endothelial progenitor cells and/or differentiation
thereof to endothelial cells,

d) isolation and purification of the differentiated
endothelial cells, and

e) transplantation of the endothelial cells into a body



erythropoietin to.stinulate the proliferation of endothelial progenitor
cells and/or differentiation thereof to endothelial cells, d) isolation
and purification of the differentiated endothelial cells, and e)
transplantation of the endothelial cells into a body 43 - with a vascul ar

di sorder. Follow ng transplantation of the endothelial cells into the body
Wi th a vascul ar disorder, the latter can be treated further with
erythropoietin, preferably in the doses of the invention of from 200

| U week to 2 000 | U week. It is possitf® according to the invention for the
cell popul ations conprising endot hel i al progenitor cells to be cultivated
in the presence | east Qne further active ingredient selected from

t he group consisVFﬁg 8f YOEEF; aﬁléﬁsor CSF and/ or an HMG CoA reduct ase

i nhi bitor. The Hp%iggélnﬁ gggéﬁﬁgléﬁ%%{aéﬁf<H§e@hEOVeﬁéﬁkﬂ%ﬂ£AYakkﬁﬂs'S

preferably a n-suc asta mevastatin or atorvastatin. The

method 0lnk8e iy epbhon Jith 14 eaks 09143S G A5 radh Sorder s dius: pegyi des for

endot hel iral progenito ls to be isolated fromthe bl'ood of a hunan

organi sm.r£9c88 eXRRA=rded ti A JHI-disd N B Yt Prepereblp andthe kses
differentiated to endothelial cells and, after purification and isolation

of the @if{reenhiahedoansat Hebmakocebywerekt he di fooer ant/etikng

endot helial progenitor cells, the latter then to be trans- planted in a

targeted manner [Intasa pasagbdeblmmbm@mgl tor the invention for the
cell populations comprising endothelial progenitor cells to
be cultivated in the presence of at least one further active
ingredient selected from the group consisting of VEGF, PIGF,
GM-CSF and/or an HMG-CoA reductase inhibitor. The HMG-CoA
reductase inhibitor used for the cultivation is preferably a
statin such as simvastatin, mevastatin oxr atorvastatin.

The method of the invention for treating vascular
disorders thus provides for endothelial progenitor cells to
be isolated from the blood of a human organism, to be expan-
ded in vitro using erythropoietin and to be differentiated to
endothelial cells and, after purification and isolation of
the differentiated endothelial cells or the differentiating
endothelial progenitor cells, the latter then to be trans-
‘planted in a targeted manner into a damaged blood vessel or
an ischemic region in order to induce local neovasculariza-
tion there. More targeted and faster treatment of damaged
blood vessels or ischemic tissues is possible in this way.
The method of the invention for treating vascular disorders
is particularly suitable for treating vascular disorders such

as ischemia, especially cerebral ischemia, ischemic disorders



an ischemc region in order to induce |ocal neovascul ariza- tion there.
More targeted and faster treatnent of damaged bl ood vessels or ischemc
tissues is possible in this way. The nmethod of the invention for treating
vascul ar disorders is particularly suitable for treating vascul ar

di sorders such as ischema, especially cerebral ischema, ischemc

di sorders 44 of the extremties, nmyocardial ischema, nmyocardial infarc-
tion, stroke, coronary heart disease, angina pectoris, acute arterial
occlusion, arterial occlusive disease44Raynaud's di sease and ergotism
Furt her advant ageous devel opnments of the invention are evident fromthe
dependent _clains. The invention is explained in nore detajl| by, npans of
the fol IVwi RSt SFHERIAAE Sex PP RTI R Hur 8P B Bns r%ﬁé:arr@bﬁ‘\]t st 2B FACS
anal ysis of circulating CD34+ StenlceLIs cSO).. (A-D atients’' sanples;

(E-F): 160ty pes CERET ol SOTTEET Ko PEST oS by IRHIS BICTHE S adF Lt Snal
expressha ég%éfe %1qﬁﬁgera&%e%Q%JF)bc?éugg S d?gaggg,cqﬁ%gﬁéfﬁjﬁt'c
at e ol the

| ow t o noder ant’i gen expression and "G “and by’ nea

charact ey std & 14,90t Ssat{gring properties (D and H). The absolute c¢SC
nunber was cal cul ate per 100 000 nonocytes and | ynphocytes. Figure 2

shows a quantit afiMmendet Qivandbiger @ qevEeHbAEhRY demceel | sndyneeens of
flow cytonmetry. The figure shows the tinme-dependent effect of

eryt hr opgieetd vl ddreat st t s i dgp iR (¢ B£0aHI nant hunman eryt hr opoi etin)
arter 0.2 4 The invention is explained in more detail by means of
the following figures and examples.

Figure 1 shows the results of a FACS analysis of
circulating CD347 stem cells (cSC). (A-D): patients’ samples;
(E-F): isotype controls. cSC were identified by means of the
additional expression of the CD34 marker (B aﬁd F), by means
of the characteristic low to moderate CD45 antigen expression
(C and G) and by means of the characteristic light scattering
properties (D and H). The absoclute ¢SC number was calculated
per 100 000 monocytes and lymphocytes.

Figure 2 shows a quantitative determination of
circulating stem cells by means of flow cytometry. The figure
shows the timeudependeht effect of erythropoietin treatment
using rhEPO (recombinant human erythropoietin} after 0, 2, 4,
6 and 8 weeks. n = 11, the wvalues correspond to averages +/-
standard deviation. Medians depicted as line.

*: p < 0.01 compared with 2 weeks; O.0O.p < 0.05 compared with
4 weeks, #: p < 0.05 compared with 8 weeks.
Figure 3 shows a quantitative determination of

cultivated endothelial progenitor cells (EPC). The figure



6 and 8 weeks. n = 11, the values correspond to averages +1- standard

devi ati on. Medi ans depicted as line. *: p < 0.01 conpared with 2 weeks;
AN p < 0.05 conpared with 4 weeks, #: p < 0.05 conpared with 8 weeks.
Figure 3 shows a quantitative determ nation of cultivated endothelial
progenitor cells (EPC). The figure 45 shows that rhEPO treatnent increases
the rel ative nunber of EPCs. EPCs were isolated before the treatnent of
renal patients with rhEPO and 2, 4, 6 and 8 weeks after treatnent of the
patients with rhEPO, and characteri zed5by nmeans of their adhesion ability
and the two markers acLDL-Dil and UEA-1 FITC. n = 11, the val ues
correspond to averages +/- standard devi ati on. Medi ans depi ct e%ﬁgs | ine. *:

p < 0. 01SWh%aFEEtmrﬂ$Pphetrﬁﬁfti%?dlboe%%?%e%?%%Lt tBAt ;KElﬁ:tlb’% ih r cBhpar ed
with the period.before treatnent. . Fi e 4 ows_the guanptitative

det er ni n2k5dn %P%I R4R e&sg’ﬁ@&er‘?el %%I%roﬁreoggﬂlet oFrEQH%?“FE . TRt gure
shows that, f he absol| ute er_ of, EP efore dnjti,ati

is si gni??%%%rtufsﬁl Vjéjfiﬁcé:gﬁc%onﬁélr eoz’yviﬁ Eegpfjhyé "}(f"éeek535 aa%egient e‘?igﬁg %ﬁg(rjapy

subj ect s, Pat.L.e i ren q_r}pE[ﬁ s&[giqyg i St CoiysfungEi on
conpar e %?hec%%%ﬁ%ugﬁgbts. (?'s rsg uced nu e('::élzlc%s&f%ﬁctionaélJ %EDC was

com pengaded §dmeeksaf bBE1startdime KhEPO-tberapykdy wendh-panemiaa EPCs
were isolated before the treatinent of renal patients with rhEPO and 2, 4,

6 and 8 yweks miter teatimEntthef tdieipat certrespohll ridEPQveaades +/-
characterized by neans of
standard deviation. Medians depicted as line.
*: p < 0.01 compéred with the period before treatment;
#: p < 0.001 compared with the period before treatment.
Figure 4 shows the quantitative determination of
cultivated endothelial progenitor cells (EPC). The <figure
shows that the absoluté number of EPCs before initiation of
rhEPO therapy 1s significantly reduced compared with healthy
age— and gender-matched subjects. Patients with renal anemia
thus show distinct EPC dysfunction‘ compared with control
subjects. This reduced number of functiocnal EPC was com-
pensated 8 weeks after starting rhEPO therapy for renal
anemia. EPCs were isolated before the treatment of renal
patients with rhEPO and 2, 4, 6 and 8 weeks after treatment
of the patients with rhEPO, and characterized by means of
their adhesion ability and the two markers acLDL-Dil and
UEA-1 FITC. n = 11. The example shown is the course over
8 weeks and all the controls. The absolute values are shown
on the one hand as individual values. In addition, box plots
are shown (90th/75th/50th/25th and 10th percentiles and the

average). Age- and gender-matched subjects for which EPCs



their adhesion ability and the two markers acLDL-Dil and UEA-1 FITC. n
exanpl e shown is the course over 8 weeks and all the controls.
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average). Age- and gender-matched subjects for which EPCs 46 were
d and characterized anal ogously (n = 11) served as healthy control.
Figure 5 shows the effect of erythropoietin on wound healing. The figure
hat on treatnent of a standardéged skin wound on mice, nade with a

punch, with erythro- poietin the wound was conpletely closed only

to 8. da
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allure (acute renal fallure). Sprague Dawl ey rats (250-300

(120 ng/ kg) and Ronpun (10 ng/kg). One of the experinmental groups received

Ar anesp

fbiktikgtae bpgyndeiwgld one@lefelle closed only after 7 to
8 days, whereas on treatment of the wound with physiological
sodium .chloride solution {(saline) the wound was not
completely closed until after 13 to 14 days. Treatment with
erythropoietin or physiological sodium chloride solution

started 7 days before making the skin wound. Recombinant

human erythropoietin was administered once a week by s.c.

(subcutaneous) injection (0.1 ug/kg Aranesp) {(n = 5 per
group) .

Figure 6 shows that erythropoietin diminishes the
loés of renal function after acute kidney failure (acute
renal failure). Sprague Dawley rats (250-300 g) were included
in the study. The rats were anesthetized with ketamine
(120 mg/kg) and Rompun (10 mg/kg). One of the experimental
groups received Aranesp 0.1 pg/kg of body weight once on the
day before induction of the acute kidney failure. The
comparison group comprised experimental animals each given an
s.c. injection of sodium chloride at the same time. Blood

flow into the kidney was stopped for 45 minutes by placing an

arterial c¢lamp on the right renal arteries. A left

nephrectomy was performed in this time. A sham operation was



day before induction of the acute kidney failure. The conparison group
conpri sed experinental animals each given an s.c. injection of sodium
chloride at the same tine. Blood flowinto the kidney was stopped for 45
m nutes by placing an arterial clanp on the right renal arteries. A left
nephrectony was perfornmed in this tinme. A sham operation was 47 perforned
on a further control group. This entailed opening the abdonen, exposing
the left renal artery but not stopping the blood supply, and renoving the
contralateral right kidney. Al the ddimals were anesthetized for 60 mn
and sacrificed 24 h after the operation. The 45-mnute ischema wth
subsequent reperfusion of the remainin

i ght ki | ed . t i
acute | GEFIATHAPR f Bndtitdh et THREER nélF uPtrlgglg% %ﬁ?ﬁ%l %%?aﬁ%hﬁ‘gf: \é:.
Thi i fl db ini | | 4 h aft ,
o enem A Aty Sreeriiy Bh8T LR herity ek A o e gEPBPng e
i hem a- f usi < 0. ) th i t 1t h
eyt o EHEPHTAE MharPl s, 0 b | P fOIhG SStne | NofbL TRBetbga Bdalt

serum cregafid neahgvel g, ong, 4y &f (Rhd NAHELERBL @belin®for 60 min  and
i schem a-reperfusi on damage. There was no increase in the retention |levels

in the anidmls v chyupdareert digf topaeRbi8a{ OMheanth-GusMare OREEREMOA ON
the right kidney. The figure shows the creatinine concentration in the
ser um ofyi tHPQ ¥ eafeshtaniamd Stid Rort PO he Nadha 1 neag edight malidnéyRlednd

sham operated animals (sham OP) before ischem a-reperfusion (IR) injury

and 24 hoursntbeteatiee. aktities Imdsdenf fepalt Henction in the animals

treated with sodium chloride. This is reflected by a serum

creatinine level 24 h after the ischemia-reperfusion which is

7 times higher than the level before the ischemia-reperfusion

(p < 0.05). By contrast, the animals treated with erythro-

poietin analog Aranesp showed only a four—fold increase in

the serum creatinine levels one day after induction of the

ischemia-reperfusion damage. There was no increase in the

retention levels in the animals which underwent left

nephrectomy and é sham operation on the right kidney. The

figure shows the creatinine concentration in the serum of

EPO—treated animals (IR + EPO), NaCl-treated animals (IR} and

sham-operated animals (sham OP) before ischemia-reperfusion

(IR} injury and 24 hours thereafter. It is evident from the

figure that the serum creatinine concentration in the

Branesp-treated animals is almost halved compared with the

control without . (NaCl treatment} 24 hours after ischemia-
reperfusion injury.

Figure 7 shows the Kaplan-Mayer survival plots of two

experimental groups treated either with Aranesp or NaCl after



figure that the serumcreatinine concentration in the Aranesp-treated
animals is al nost hal ved conpared with the control w thout (NaCl
treatnent) 24 hours after ischem a- reperfusion injury. Figure 7 shows the
Kapl an- Mayer survival plots of two experinental groups treated either with
Aranesp or NaCl after 48 induction of chronic renal failure. 8-week old
Sprague Dawley rats were included in the study. The rats were anesthetized
with ketam ne (120 ng/kg) and Rompun (10 ng/kg). The right kidney was
renoved fromthemon day 0 and, i medi&tely after [ renpval, was fixed in
formalin for histol ogical exam nation. E The segnental arteries which

ly th , I . I I f t | ef i i d.
Thie Y ectad o TE ST i srtr bhtor e, cErvEehofit nor s aug Br7PRe
kid , d I th i.ddl e thi i t.al i p98. Th
Kate s oS b de REATER Gt S Shuble BhENThALIAIS hhssthibei en The
Nad onGe @ WeeKanlle IRy KSRl SaWdAIE (20VHBYRBYL Clii anabRe
S i ur vi val W

Ar anesp ow a significant s advantage conpared with the aninals

treated p gt ati s eBr O ¢8ohp thel Q27:dd 0D rank, t ahddiktouyesrBet5 show
optical mcrdscopic kidney sections 6 weeks after induction of chronic

renal faidmali N wa® £expar iifeHodimagriou o i tht sbs i ¢ a Bat pdmehbhéonwi t h
Aranesp or NaC and whose Kapl an- Mayer survival plots are depicted in
figure Trhdiggnee shonstéhiedi shbtlogécmblyhangespparaand lower renal
pole of the left kidney were ligated. This results in a renal
infarction of the corresponding areas of the kidney, and only
the middle third of the kidney retains its function. The rats
received s.c. injection of Aranesp (0.1 pug/kg of body weight}
or NaCl once a .week. The animals treated with the
erythropoietin analog Aranesp show a significant survival
advantage compared with the animals treated with sodium
chloride (p = 0.027; log rank test).
Figures 8-15 show optical microscopic kidney sections
6 weeks after induction of chronic renal failure in two
experimental groups which were treated either with Aranesp or
NaCl and whose Kaplan-Mayer survival plots are depicted in
figure 7. |
Figure 8 shows the histological changes 1in a
‘Sprague—Dawley rat with chronic renal failure after NaCl
treatment once a week starting immediately after induction of
the chronic renal failure for a period of 6 weeks. The
chronic renal failure results from removal of the right
kidney and ligation of the segmental arteries which supply

the upper and lower renal pole of the left kidney. The figure



Sprague-Dawl ey rat with chronic renal failure after NaC treatnent once a

week starting inmmediately after induction of the chronic renal failure for
a period of 6 weeks. The chronic renal failure results fromrenoval of the
right kidney and ligation of the segnmental arteries which supply the
upper and | ower renal pole of the left kidney. The figure 49 shows a
medi um si zed preglonerular artery with characteristic onion ring-type
vessel wall proliferation associated with severe hypertensive danage,
cal l ed Fahr's malignant nephro- scleéerdsis with endarteritis. Figure 9 shows
t he hi stol ogical changes in a Sprague-Dawley rat with chronic renal

fail ft NaCl ..t t t k starti I di at el f
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smal|l vessel wth severe endothelial damage is to be seen lower in the

pi cture.
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rat with chronic renal failure after NaC

treatment once a week starting immediately after induction of
the chronic renal failure for a period of 6 weeks. The
chronic renal failure results from removal of the right

kidney and 1ligation of the segmental arteries which supply

~the upper and lower renal pole of the left kidney. The figure

shows florid focal-segmental glomerulosclerosis, called
proliferative FSGS (right glomerulus). The other glomerulus
(left) shows ischemic collapse of the loop convolution. A
small vessel with severe endothelial damage 1s to be seen
lower in the picture. The observed histological changes
correspond to hypertensive organ damage or changes associated
with overload nephropathy following 5/6 nephrectomy.

Figure 10 shows the histological changes 1in a
Sprague-Dawley rat with chronic renal failure after ©NaCl
treatment once a week starting immediately after induction of
the chronic renal failure for a period of 6 weeks. The
chronic renal failure results from removal of the right
kidney and ligation of the segmental arteries;which supply
the upper and lower renal pole of the left kidney. The figure

shows almost <complete sclerosis or destruction of a



treatnment once a week starting imediately after induction of the chronic
renal failure for a period of 6 weeks. The chronic renal failure results
fromrenoval of the right kidney and ligation of the segnental arteries
whi ch supply the upper and |l ower renal pole of the left kidney. The figure
shows al nost conplete sclerosis or destruction of a so glonmerulus with
conpensatory enl argenent and pronounced hyalinosis or fibrinoid necrosis
of the relevant afferent arterioles. Figure 11 shows the histol ogical
changes in a Sprague-Dawl ey rat with thronic renal failure after NaG
treatment once a week starting imediately after induction of the chronic

renal faihﬁ%@g???ﬁa EE%Odéﬁéﬁ%ﬂgg%ﬁ?q1TE51§P68@&§%;egggngﬁkéﬁgﬁnﬁgﬁylts

from rendv e right ey an i gatTon”o arteries

whi ch sug%ﬁngggsup@pr £aRd ; hower r‘i&@t sigﬁg%@f thie f@iévéﬂ@”%&fe?@ﬁi’cug“re

shows a s pregl onerular artery w racteristic onton ring-

vessel wallcprghibkeration and wall necrosis associated with severe

hypert ensi ve danage, called malignant nephrosclerosis (conpare right of
picture). A normelig(as yet) snsdaneges ahtietiologiicalt 0 diariran ointhae left.

Figure 12 shows the histol ogical changes in a Sprague-Dawl ey rat with
chroni c spnauéabDhuileyafter AriattesphrobERQ teeafnefidilOrd pgidey ANaddsp)
once a week starting inmediately after induction of the chronic renal
failure toeatmeptrbodeok BemBeksarThegchmowiddatedyl afgielruisduesibns offr om
the chronic renal failure for a period of 6 weeks. The
chronic renal failure results from removal of the right
kidney and 1ligation 6f the segmental arteries which supply
the upper and lower renal pole of the left kidney. The figure
shows a small preglomerular artery with characteristic onion
ring-like vwvessel wall proliferation- and wall necrosis
aséociated with severe hypertensive damage, called malignant
nephrosclerosis (compare right of picture). A normal (as yet)
undamaged arteriole is to be seen on the left.
Figure 12 shows the histological <changes in a
Sprague-~Dawley rat with chronic renal failure after Aranesp
(EPO) treatment (0.1 pag/kg Aranesp) once a week starting
immediately after induction of the chronic renal failure for
a period of & weeks. The chronic renal failure results from
removal of the right kidney and ligation of the segmental
arteries which suppiy the upper and lower renal pole of the
left kidney. The figure shows a normal glomerulus with
delicate afferent vessel. There is no pathological tubulo-

interstitial finding.

Figure 13 shows' the histological changes in a



removal of the right kidney and ligation of the segnental arteries which
supply the upper and lower renal pole of the |left kidney. The figure shows
a nornmal glonerulus with delicate afferent vessel. There is no

pat hol ogi cal tubulo- interstitial finding. Figure 13 shows the histol ogical
changes in a sl Sprague-Dawl ey rat with chronic renal failure after
Aranesp (EPO treatnent (0.1 g/kg Aranesp) once a week starting

i mredi ately after induction of the chronic renal failure for a period of 6
weeks. The chronic renal failure resul®s from renoval of the right kidney
and ligation of the segnental arteries which supply the upper and | ower
renal eft ki dney

h h
deI|cateégf?ngnﬁaV£§¥eF856§Hj%1dggﬂ?? %;% DAy q%ﬁ% |SA%%éPnR%%éE EYL;I

t ubul oi n g it n tal o in a
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treat ﬁenim&gdi egiggaéﬁ;ea}e%hu@a%nao\@e%ét&qﬁmgc k@?ﬁ@ﬁ' ﬁéﬂr\{réf 8k

i nduction o tﬁe chronic renal failure for a period of weeks. The

chronic aeP@IriBai lasr €5 rgsattd S thOMhieABR¥alrBlall hea 11 @k kééi@;ews afidtom
ligation of the segnmental arteries which supply the upper and | ower renal

pol e of t8Rovheftoki they ritme flidmey sheds hidqotieh glfondral segmehhal

delicate afferent vessel. There is no pathological tubulo- interstitial

fi ndi ng. aFtguiesl¥hskhbwsudpd vhitdtol wgpernl aoHadges:ri renal pole of the
left kidney. The figure shows a normal glomerulus with
delicate afferent vessel (630 x magnification). There is no
pathological tubulointerstitial finding.

Figure 14 shows the histological <changes in a
Sprague-Dawley rat with chronic renal failure after Aranesp
(EPQ) treatment‘ (0.1 pug/kg Aranesp) once a week starting
immediately after induction of the chronic renal failure for
a period of 6 weeks. The chronic renal failure results from
removal of the right kidney and ligation of the segmental
arteries which supply the upper and lower renal pole of the
left kidney. The figure shows a normal glomerulus with
delicate afferent vessel. There is no pathological tubulo-
interstitial finding.
Figure 15 shows the histological <changes in a

Sprague—Dawley rat with chronic renal failure after Aranesp
(EPO) treatment (0.1 pg/kg Aranesp} once a week starting
immediately after induction of the chronic renal failure for
a period of 6 weeks. The chronic renal failure results from

removal of the right kidney and ligation of the segmental

arteries which supply the upper and lower renal pole of the



Sprague-Daw ey rat with chronic renal failure after Aranesp (EPO
treatnment (0.1 g/ kg Aranesp) once a week starting inmediately after

i nduction of the chronic renal failure for a period of 6 weeks. The
chronic renal failure results from renoval of the right kidney and
ligation of the segnmental arteries which supply the upper and | ower renal
pole of the - 52 left kidney. The figure shows a normal glonmerulus with
delicate afferent vessel (630 x nmagnification). There is no pathol ogical
tubul oi nterstitial finding. Exanpl e 15Bffect of EPO In patients with renal
anem a The effect of erythropoietin in patients with renal anema (Hb <

10.5 g/ ﬂ% as .a. consequence af Kkidney di sease_in he term nal sta
(pret er mthht r]%]rfg"fe?‘ai Ilﬁi’ee; fgtgélﬁel niShE¥Sc| Ear BREE SgRWfWifsmgggh
i nvesti g:?% d i r tr d, i {) I syRcut aneoysly
with ery ]fe:b%%%%t ?%%e?%}’\ﬁe\é%sss e&osggégverrg;%‘?ﬁéfgcggg é{lllfl' o? rh%P%‘n
(recomi}gﬁﬁolme{%mgﬁg@gg@ for aipgLihQd of at least 8 weeks. After
erythropoietin treatnment, the endot%eﬁ a proggnitor cells in the blood of
t he patip,_p_gr@_ygg i nvestigated over a period of 20 weeks, analyzing
endot helTarprogenitor cells for their nunber and their differentiation
stat us lEffdon SHIEPERILY pdEiemtsukith eressbyanéhes 0, 2, 4, 6 and 8 weeks.
Circul ating peri pheral blood stemcells (CPBSC) conprise a snall
popul ati on of ceThes wfifehtexir essytiotdpdiet 1:CD34 aattigerrsanditihe r€D4s
antigen. An assay has been
anemia (Hb < 10.5 ¢g/dl) as a consequence of kidney disease in
the terminal stage (preterminal renal failure; creatinine
clearance < 35 ml/min) was investigated. 11 patients were
treated intravenously or subcutanecusly with erythropoiletin
in weekly doses averaging 5 000 IU of rhEPO (recombinant
human erythropoietin) for a period of at least 8 weeks. After
erythropoietin treatment, the endothelial progenitor cells in
the blood of the patients were investigated over a period of
20 weeks, analyzing endothelial progenitor cells for their
number and their differentiation status by flow cytometry and
a culture assay after 0, 2, 4, 6 and 8 weeks.
Circulating peripheral blood stem cells ({CPBSC)
comprise a small population of cells which express both the
CDh34 antigen and the CD45 antigen. An assay has Dbeen
developed to determine the number of CPBSC by flow cytometry
on the basis of the ISHAGE guidelines (Sutherland et al., J.
Hematother., 5 (1996), 213-226). This assay was used to
determine both the expression pattern -of CD34 and CD45 cells
and the morphology of the stem cells. Both the absolute

numper of CPBSC per ul and the proportion of CPBSC as a



devel oped to determ ne the nunber of CPBSC by flow cytonetry on the basis
of the | SHAGE guidelines (Sutherland et al., J. Hematother., 5 (1996),
213-226). This assay was used to determ ne both the expression pattern of
CD34 and CD45 cells and the norphology of the stemcells. Both the

absol ute nunber of CPBSC per | and the proportion of CPBSC as a 53
percentage of the total nunber of |eukocytes was determned ff in this
way. Figure 1 shows the results of an FACS analysis of circulating CD34
stemcells based on the | SHAGE gui detihEes: Figure 2 shows the nunber of
CD34' stemcells neasured by FACS analy5|s over a period of 8 weeks. Cel

culture assa Perlph r bl ood clear S BMCs | at.ed by
Fi col | d@ﬁ&%’i} gdft IO% &é"aﬁ iib(?]t‘?fo k%é*ﬁ)erses‘)"’? (?ggrr gn%éi with
t he met hod ggscrlbed i n Asahar a, SC|ence 275 (1997), 964-967. The cells
were pl atBddut 8BRY culture plates with fibronectin and maintained in EC

basal nedium E copsi BMs2 hasglhcrediym (Eromes
Cl onetics) and E§%$§§%p QH%Aﬁ%%% -E%nygnﬁ%?n i anphote$|0|n B) FBS,

VEGF, hF&r@ui%*ﬂﬁga&bﬂr &nh meeils B8S0ADLS acé drshepar gl deMihes.

cultivation for ays nonadherent cells were renoved by washing the

plates. The rengigihpg gdhgh@ﬂ% calles Wwelimbéreabed wDBRtr gpsimn ard sl at ed
measured by FACS analysis over a period of 8 weeks.

Cell culture assay

Peripheral blood mononuclear cells {PBMCs) were
isolated by Ficoll density centrifugation from human blood
samples in accordance with the method described in Asahara,
Science, 275 (1997), 964-967. The cellsrwere plated out on
culture plates with fibronectin and maintained in EC basal
mediunm. EC basal medium consists of EBM-2 basal medium (from
Clonetics) and EGM-2 Quots {hEGF; GA-100 {(gentamicin,
amphotericin-B) FBS, VEGF, hFGF-B (w/heparin), R’-IGF-1,
ascorbic acid, heparin). After cultivation for 4 days,
nonadherent cells were removed by washing the plates. The
remaining adherént cells were treated with trypsin and plated
out anew. They were then cultivated for a further 3 days.
Cells with the endothelial phenotype were identified by
positive staining for two different endothelial markers on
day 7 after isolation. These are DiI-labeled acetylated low
density iipoprotein (acLDL-DiT) and Ulex europaeus
aglutinin~1 (UEA-1). The results of this investigation are
depicted in figure 3.

The results show that erythropoietin is able to



out anew. They were then cultivated for a further 3 days. Cells with the
endot hel i al phenotype were identified by positive staining for two
different endothelial markers on day 7 after isolation. These are
Dil-labeled acetylated low density lipoprotein (acLDL-Dil) and U ex
europaeus aglutinin-1 (UEA-1). The results of this investigation are
depicted in figure 3. The results show that erythropoietinis able to 54
nobi | i ze endot helial progenitor cells and increase the nunber of

circul ati ng endot helial progenitor tePfs- Mreover, func- tional deficits

whi ch occur in certain pathol ogical states such as renal anem a are
conpensat ed.. .These ul.t.s .are depicted in figure 4. 1t faound by fl ow
cyt onet I “% l?é‘c{‘f%r%ﬁelrla(}f pr(ﬂgredﬁta?]f ncge]glﬁéqit]é}ﬁ%eeﬁsfes ¥ patients with
renal di se | he t 1 g n tqQ t ]%gﬂg _
circulaf&ﬁgnéﬁﬁéééih %ﬁé@éﬁ%%ﬁ%?esgﬁgéégggghggﬁgﬁy @@h jecﬁé}%ﬂ%%r_the
erythr ORQILELIN SELALIRLT b Bl ey e comber ghrfBRbsisham seliss in the
bl oodstreamincreases significantly by nore than '50% It was determ ned by
using thencebk cHLhile AsSAYat hale t RIS a2 . aSTheskeNCFE3SELEN atdle

nunber of cells devel opi ng an endot helial phenotype after treatnent with
eryt hr opeipatduad lim &ifqwet iaanal cell culture assay there was an increase
of nore than 3-fold in the greatly inpaired ability of endotheli al
progenitor cell 9t kxamfban?2l by flow cytometry that the number of
circulating CD34" stem cells in patients with renal disease
in the terminal stage <corresponds to the number of
circulating CD34° stem cells in the blood of healthy
subjects. After the erythropoietin treatment is started, the
number of CD34"' stem cells in the bloodstream increases
significantly by more than 50%. It was determined by using
the cell culture assay that there is a drastic increase 1in
the number of cells developing an endothelial'phenotype after
treatment with erythropoietin. In a functional cell culture
assay there was an increase of more than 3-fold in the
greatly impaired ability Qf endothelial progenitor cells.
Example 2
Improved wound healing through systemic use of rhEPO
FVB/N .mice were anesthetized by inhalation anesthesia
with isoflorane. The fur on the two rear limbs was removed
using a depilatory lotion and disinfected with 70% alcohol. A
sterile 4 mm disposable biopsy tissue punch was used to make
a skin wound on the right flank of each of the mice. The

opposite side served as internal control. Postoperative

antibiotic cover with penicillin G (20 000 units/kg) was



| mproved wound heal i ng through systemic use of rhEPO FVB/N. mce were

anest heti zed by inhal ation anesthesia wth isoflorane. The fur on the two
rear |linbs was renoved using a depilatory lotion and disinfected with 70%
al cohol. A sterile 4 mm di sposabl e biopsy tissue punch was used to make a
skin wound on the right flank of each of the mce. The opposite side
served as internal control. Postoperative antibiotic cover with penicillin
G (20 000 units/kg) was -55- performed once. Throughout the period. of

i nvestigation, subcutaneous injecti"oR® 6f the reconbi nant hunan

eryt hropoi etin anal og Aranesp (0.1 gg/ kg of body weight) took place once a

week throughout the study period. The treatnment . starte ef ore
removal 5t %“%Ciss%cep‘unc O Olf%su??% a‘?%ﬂaoe%i c(t)fed ?1?1‘???%?% %(gr?’l'hey
show th ggq ' ati .af .EPO_consj der a expedi . wou aling
pr ocess.aéli%arrp r%! %eduggij%r?tiﬁr?gtshe p?ggr eg!sk?/eon o?gg%?%%?lgﬁgzenapq?%%?ur e

t hr ough Qe hdd 8 BUnSs Py agre L ByiGREP Vs
anest hetelli}re %@% ket am nfé&% 120 nnglfi\ggadﬁan %un (10 ng/ kb ) 'ﬁl'he ri ght

ki dney puwascd edmyecs fwo8kt barbabhoaR day Gty Was fdxedrid £oeabhéme
i mredi ately after renoval for histol ogical exam nation. The segnental

arteri eststtcdd supplayd heaffoper arthdvader ofenahe poliesab tphentkit Rhelney
were ligated. This results in a renal infarction of the corresponding
areas ofrasheltd dneye W tepicted in figure 5. They show  that

administration of EPO considerably expedites the wound
healing process.
Example 3
Reduction in the progression of chronic renal failure through
erythropoietin treatment

8-week-0ld Sprague-Dawley rats were anesthetized with
ketamine (120 mg/kg) and Rompun (10 mg/kg). The right kidney
was removed from the rats on day 0 and was fixed in formalin
immediately after removal for histological examination. The
segmental arteries which supply the upper and lower renal
pole of the left kidney were ligated. This results in a renal
infarction of the corresponding areas of the kidney, with
only the middle third of the kidney remaining functional. The
rats received subcutaneous (s.c.) injection of the
erythropoietin'analog Aranesp in a dose of 0.1 pg/kg of body
weight or NaCl as control once a week.

Figure 7 shows the Kaplan-Mayer survival plots for
both experimental groups. The Aranesp-treated animals have
distinctly improved survival compared with the control

animals treated with sodium.chloride}



only the mddle third of the kidney remaining functional. The rats

recei ved subcutaneous (s.c.) injection of the erythropoietin analog
Aranesp in a dose of 0.1 g/kg of body weight or NaCl as control once a
week. Figure 7 shows the Kapl an- Mayer survival plots for both experinental
groups. The Aranesp-treated aninmals have distinctly inproved survival
conpared with the control aninmals treated with sodiumchloride. ---
----------- - 56 Figures 12-15 show that the renal tissue shows no

pat hol ogi cal changes after treatment WPth erythropoietin, whereas severe
pat hol ogi cal changes are visible after treat- nent with Nad (conpare

fi 8-11). FEurth ist,ql ogj cal _.i igati | ed { hat

i St netly gl eatdPessde Gondhey (CHL) Che Ce e ofiedrysy PO o

A -t t-ed .ani,mal ' i W,t h j | qr.i de (dat
ot S ERARAe SURBHIRT| BRCCR { RECRrAR honl I o SRR | re

Spr ague Rular, 10 M ik ahdady; 181 aDhaleLT O 25054816300 @ ere Al oyed

for this investigation.” One o experinmental groups received Aranesp in

a dose @ferfd Ly O¥ikOnall hed¥paeicoht: oness of-1he. deyr-bater & idididdioniof the

acute kidney failure. The rats were anesthetized with ketam ne = (120 ng/kg
of body iwRiegttihadNGnE0MpeRrcal@dnutker - aA @ SUPhOf 1y expeddt@nt atesydimal s

whi ch received s.c. injection of sodium |

' density (CD31) is to be observed in Aranesp-treated animals
than 1in animals treated with sodium chloride (data not
shown) .
Example 4
Reduction in the progression of acute renal failure

Sprague-Dawley rats with a body weight of from 250 to

300 g were eﬁployed for this investigation. One of the
experimental groups received Aranesp in a dose of 0.1 pg/kg
of bédy weight once on the day before induction of . the acute
kidney failure. The rats were anesthetized with ketamine
(120 mg/kg of body weight) and Rompun (10 mg/kg). A group of
experimental animals which received s.c. injection of sodium
chloride at the same time served as comparison. The blood
flow in the kidney was stopped for 45 minutes by piacing an
arterial clamp on the right renal artery. A left nephrectomy
was performed in this time. A sham operation was performed on
a further contrxol group. In this case, the abdomen was
Qpened, the left renal artery was exposed but the blood
supply was not stopped, and the contralateral right kidney

was removed. All the animals were anesthetized for a period

of 60 minutes and sacrificed 24 hours after the operation.



chloride at the same tine served as conparison. The blood flowin the

ki dney was stopped for 45 mnutes by placing an  arterial clanp on the
right renal artery. A left nephrectony was perforned in this tine. A sham
operation was performed on a further control group. In this case, the
abdonmen was opened, the left renal artery was exposed but the bl ood
supply was not stopped, and the contral ateral right kidney was renoved.
Al'l the animals were anesthetized for _a period of 60 mnutes and

sacrificed 24 hours after the operati8d. ~- 57 The 45-ninute ischema with
subsequent reperfusion of the remaining right kidney |led to extensive

te | f |, f ti In.the ani.mls_ t ted Wt i id
Thi's was mani £ 080 4y THR T Ao SR By & Tabial G 1R BT O
tini I . < Q. : t ek h i.real It h

crythr otrer AR A'Sbep IRl B e At RRy 16EReadeH e

ser um cregtinifgdia¥el  9Re ARY ardifls | BEbseQN QL N diRheM fosaner fusi on

damage. ere was no increase In the retention values in the animal s which

under wer ilsefila e eEESPYd ARG &S hamk pRgsat ben DNFddecF i ght 7 kindngye The
results are depicted in figure 6. -5s- Clains 1. The use of erythropoietin

for prodesiung drefihiaiimeecutireal @orpasidd)an Bpnpohsiragta wHepodyioydhemni c
EPO dosi s corresponding to a weekly dosis of 1 to 90 international units
(1U) EP@rkathadwiwdi gitie fexrytheopoietin analog Aranesp showed only a
four-fold increase in the serum creatinine level one day
after induction of the ischemia-reperfusion damage. There was
no increase in the retention wvalues in the animals which

-underwent left nephrectomy and a sham operation on the right

kidney. The results are depicted in figure 6.



t herapy of hyperchol esterol em a, diabetes nellitus, endothelium nedi ated
chronic inflamuatory disorders, endotheliosis including
reticul oendot hel i osis, atherosclerosP8 ischemc disorders of the
extremties, preeclanpsia, Raynaud' s di sease or pregnancy-induced
hypertensiani 2. The use as clained in claim1, where the pharnmaceutical

conposi ti Ssuitabl e for parenteral, in particular i ntravenous,
i ntranuscul ar, intr %}ane%ys o) sub aneous nistra |8n 3. _The use -
as clainmedin claim2® wire the ?%%T %503??? A°189i nthe form

Of on '”Jﬁﬁk&%% ehtQlcd 1nf88h§851ficonposﬁ??on el a%-9|§B§§9¥0?tﬁp iBf cl ai ms

ere e pharnaceu I ca Sul ul nonary

adm ni St 1 atp@lo s T@s% ngaﬁd%al Ln &é@pw,dmeg eckhe; Rharggceuti cal

COHDOSItIOﬂ isin the of an aqueous i on, nonaqueous sol ution or

powder. 6.1nthendsacasicl aned i n1ghai Fpd /R 5boW$er%eEB§t pharneegHt i ca
conposition is in the formof an aerosol pr oduc 59- 7. The use as

clai med i rhedraigp 1, owherigypdiechphayimesdmcal CconResitdson hslsuthabl e for

oral admnistration. 8 The use as clained in claim7, where the
endothelium-mediated chronic inflammatory disorders,
endotheliosis including reticulcendotheliosis,
atherosclerosis, ischemic disorders of the extremities,
preeclampsia, Raynaud’s disease o©r pregnancy-~induced
hypertension.
2. The usgse as c¢laimed in c¢laim 1, where the
pharmaceutical composition is suitable for parenteral, in
particular intravenous, intramuscular, intracutaneous or
subcutanecus, administration.

- 3. The use as c¢laimed in c¢laim 2, where the
pharmaceutical composition is in the form of an injection
or infusion.

q. The use as claimed in any of claims 1 to 3,
where the pharmaceutical composition is suitable for
pulmonary administration.

5. The use as claimed in claim 4, where the
pharmaceutical composition is in the form of an aqueous
solution, nonagqueous solution or powder.

6. The use as claimed in c¢laim 4 or 5, where the

pharmaceutical composition 1s in the form of an aerosol

product.



pharmaceutical conposition is in the formof a solution, suspension,

emul sion or tablet. 9. The use as clained in any of clains 1 to 8, where
t he pharnaceutical conposition conprf§8§ at |least one-further active
ingredient to stinulate endothelial progenitor cells. 10. The use as
claimed in claim9, where the further active ingredient is VEG-, PIGF,

Gw CSF, an  HMG CoAT%%du%tS%seaisnhi ti:a';]i (ﬁd'i_nqni(r) &\r,]@nil}!p 1d,0n%hﬁ§f€§% ally

L-arginine.” 11. The use as cladine ai m ere 't he

reduct ase AR AAL 818 SUBER3¢aAS 8 nVastalile Mevast atl fr ol
atorvastatin. 12. The use of erythropoietin for producing a transplantable
endot hel i alyngelilstrpaeparati on. 13. The use as clainmed in claim12, where
endothelial cells are produced in vitro by cultivating endothelial

progenitom.cells i nThhe presenge @flaieted hrgpoistdine 14. Jherdisecids cl ai med
inclaiml12 or 13, where the cultivation of the endothelial progenitor
cell's takedarpkaeatinalhedupesanderofiatiheakt doenf wft hersattiien,
i ngredi ent selected fromthe group consisting of VEG-, PIG, GWCSF, an
HMG- CoA r edgptaseonnhiepiufier pnespetiblley .- 60- sinvastatin, nevastatin or
atorvastatin, and an NO donor, especially L-arginine.
9. The use as c¢laimed in any of claims 1 to 8,
where the pharmaceutical composition comprises at least
cne further active ingredient to stimulate endothelial
progenitor cells.
10. The use as c¢laimed in <c¢laim 9, where the
further active ingredient is VEGF, PIGF, GM-CSF, an
HMG-CokA reductase inhibitor and/or an NO donor,
especially L-arginine.
11. The use as claimed in claim 10, where the
HMG-CoA  reductase inhibitor is & statin such as
Simvastatiﬁ, mevastatin or atorwvastatin.
12. The wuse of erythropecietin for producing a
transplantable endothelial cell preparation.
13. The use as claimed in claim 12, where
eﬁdothelial cells are produced in vitro by cultivating
endothelial progenitor cells in the  presence of
erythropoietin.
14. The use as claimed in claim 12 or 13, where the
cultivation of the endothelial progenitor cells takes
place in the presence of at least one further active

ingredient selected from the group consisting of VEGF,

PIGF, GM-CSF, an HMG-CoA reductase inhibitor, especlally



15. The use of erythropoietin for the pretreatnent and/or further
treatnent of tissue or organ transplants. 16. The use as clained in claim
15, where the pretreatnent of the t78%ue or organ transplants takes place
wi th use of isolated endothelial progenitor cells. 17. The use of
erythropoietin for producing inplantable or transplantable cell-containing

n vitro ShBal ershl shus systenso here the (0 viLra aLogn ofondd ssue

systens are treate ropoietin orethe trans at1dn or

i npl ant at Lop 1.9, pJUEE, VAsE genesis and/or endothelial cell formation.
18. The useﬂgs gFa?neda¥§ c#g?n1l7, where the in vitro organ or tissue

systems copprise engpthekialor PLPGEN:L,05: &€l Srod9nEhg S8 Qftment
erythropoietin to produce vascul ar prostheses or heart valves, where the

vascul ar pragbhesesthof Peastmy¥atves 8ieseeabedovyih erytispopeietin. 20.
The use as clained in claim19, where the coating of the vascul ar

prost hesedcor heartTkal vese caspriebesmetdoimeldladimpriocgenivioreeldss 21. The
use of erythropoietin and/or derivatives thereof in a subpolycythemc

EPO- dosi speetrespoadt ngpft othe weekbyedasi s cafyab tor@0sphéetsattizdmad units
(1V) EPO kg body weight to stinulate physiological nobilization of

endot hel i alageogéhht vge cef | soprbeilf endotbaloil erndathetdnl cpkbgenit or

cells, differentiation of endothelial progenitor cells to endotheli al
cells andlér The use of erythropoietin for  producing

implantakle or transplantable cell-containing in vitro
organ or tissue systems, where the in vitro organ or
tissue systems are treated with erythropoietin before the
transplantation or implantation to induce wvasculogenesis
and/or endothelial cell formation.

18. The use as c¢laimed in claim 17, where the
in vitro organ or tissue systems comprise endothelial
progenitor cells.

19. The use of erythropoietin to produce vascular
prostheses or heart wvalves, where the wvascular prostheses
or heart valves are coated with erythropoietin.

20. The use as c¢laimed in c¢laim 19, where the
coating of the vasculér prostheses or heart valves
comprises endothelial progenitor cells.

21. The use of erythropoietin and/or derivatives
thereof in a subpolycythemic EPO-dosis corresponding to a
weekly dosis of 1 to 90 international units (IU) EPO/kg
body weight to stimulate physiological mobilization of
endothelial progenitor cells, proliferation of
endothelial progenitor cells, differentiation of

endothelial progenitor cells to endothelial cells and/or



-61- migration of endothelial progenitor cells in the direction of an
angi ogeni ¢ or vascul ogeni c stinulus. 22. The use as clainmed in claim 21,
where the adhesion ability of di ffer&htiat | ng endot helial fc progenitor
cells is increased. 23. The use as clainmed in claim?21 or 22, where the
stinul ation of endothelial progeni tor cells leads to the formation of

endot heI| s]tqt SSue; Zélf The%éy%ﬁ_lﬁals | ai meg L 1€8¥ ofcecl ne . %1 tﬁﬁg?’

where the atlon of en el’ira prgge I cell's eads to

formation d?ﬂcré?;ecvfllo@&l 90d Jyess, 1%ge% c, U%evﬂ%‘éu%g%ﬁxfch%%ﬂh%'s” for producing

a pharmaceutical conpositi rising a sub cythemc EPO dosis

corresponding to a weekl y,sdosig 0E1$1h9d90 ni Ntegpatbonal yyoaikts (hy) EPO kg
body weight to stinulate the formation of endothelial tissue. 26. The use

as clai mrechdnesgmyn of ghaiisyl t w25 JWrekecatyhRiopoi etéRdbsh8uIED or
ani mal erythropoietin. 27. The use as clained in claim26, where

eryt hr opoipatdgeriis oa derilwatisvencarzaeral.og, a nodification or a nmutein of
erythropoietin. 28. The use as clainmed in claim26 or 27, where
erythropoidt.in is i Sbleated fasomlmimed uim nelaith€lurame22dy wipbasmahef
patients suffering fromaplastic anema, tissue cultures of human renal
cancer celdtsinuraen yoiphobllegitelial progenitor cells leads to the

formation of endothelial tissue.

24, The use as claimed in any of claims 21 to 23,
.where the stimulation of endothelial progenitor cells
leads to the formation of new blood vessels.

25. The wuse of erythropoietin for producing a
pharmaceutical composition comprising a subpolycythemic
EPO~dosis corresponding to a weekly dosis of 1 to 90
international units (IU) EPO/kg body weight to stimulate
the formation of endothelial tissue.

26. The use as claimed in any of claims 1 to 25,
where erythropoietin is human or animal erythropcoietin.
27. The use as claimed in claim 26, where
erythropoietin is a derivative, an analog, a modification
or a mutein of erythropoietin.

28. The use as claimed in c¢laim 26 or 27, where
erythropoietin is isolated from human urine, the urine or
plasma of patients suffering from aplastic anemia, tissue
cultures of human renal cancer cells, human lymphoblast
cells having the ability to produce human erythropoietin,
or a hybridoma culture obtained by cell fusion of a human.

- cell line.



cells having the ability to produce human erythropoietin, or a hybridonma
culture obtained by cell fusion of a human cell |ine. 62- 29. The use as
claimed in claim26 or 27, where ery®Aropoietin is an erythropoietin
produced by DNA reconbination techni ques. 30. A pharnaceutical conposition
to stinulate endothelial progenitor cells, to stinulate the formation of

endojt hel i %_t I ssue, T{,lg _s&slﬁrmlaf%t eci’aalsn(%éjcli oqg%neg%girgnﬂéorog f?r7 t m%étrreeat nment
of di seas€S or pathol ogical sfatés —associated wth a dystuhction of

endot hel i @kygrﬁegggg g%n cell s, PO@J%@&&%&WC@%@%@ -ngfgﬂ; i

derivati ve, , a nodification a mutein thereo ctive

i ngredi ent-ok-BnBi AHPPBLY E¥ERRTHGEPO dosi s corresponding to a weekly dosis
of 1 to 90 international units (IU EPO kg body weight, and at |east one

further agpive ingaedigiirsetactechyromdpesataup Consi StdiignafatEGH,
Pl G-, Gwt CSF, an HMG CoA reductase inhibitor and an NO donor. 31. A

phar maceuthdathediposiptriceR rfiaiort he:1 18 ,0phy| axisuandéorhichef@amatdfon
hyper chol esterol em a, diabetes nellitus, endothelium nmedi ated chronic
i nfl ammat ofyedidsthdéris]l endetleel itasis: imndlatdi ng s audtdgeuleceind otriildrosi s,
atherosclerosis, ischemc disorders of the extrenties, preeclanpsia,
Raynaud' sfodi selage, tpgragrancy -dindddsealsgper penspomobtgbmit atadas e
associated with a dysfunction of endothelial progenitor
cells, comprising erythropoiétin and/or a derivative, an
analog, a modification or a mitein thereof as active
_ingredient in a subpolycythemic EPO-dosis corresponding
to a weekly dosis of 1 to 90 international units (IU)
EPO/kg body weight, and at least one further active
ingredient selected from the group consisting of VEGF,
PIGF, GM-CS8¥F, an HMG-CoA reductase 1inhibitor and an NO
doner.

31. A pharmaceutical compesition for the

prophylaxis and/or therapy of hypercholesterolemia,

diabetes mellitus, endothelium-mediated chronic
inflammatory disorders, endotheliosis including
reticuloendotheliosis, athercsclerosis, - ischemic

disorders of the extremities, preeclampsia, Raynaud’s
disease, pregnancy-induced hypertension, chronic or acute
renal failure, especially terminal renal failure, wound
healing and sequelae thereof, comprising erythropoietin
and/or a derivative, an analog, a modification or a
mutein thereof as active ingredient in a subpolycythemic
EPO~dosis corresponding to a weekly dosis of 1 tc 20

international units (IU) EPO/kg body weight.



renal failure, especially termnal renal failure, wound healing and
sequel ae thereof, conprising erythropojetin and/or a derivative, an
analog, a nodification or a nutein theteof as active ingredient in a
subpol ycythemi ¢ EPO-dosis corresponding to a weekly dosis of 1 to 90
international units (11U EPQ kg body weight. -63- 32. The pharnmaceuti cal

conposi tionsas clai mgpggi Ny Sl M 3L - addity il ¥ GONMPLI Sing; ur;t her
active ingredient seﬁgc[ﬁ%d rom-t ecagir Ol?tgh%%%éitétoi ng of ({}%ﬁecj Pllé:,

GV CSF,  anciyenCaA, r edited asiordNhipi t 96n@ntls 8AgNO, dopgrinds. TR ive
pharmaceutical conposition as clainmed in claim30 or 32, where the HVG CoA
reduct ase iinbirbotenti seleeciatl | BrsMch s §rovpstairdisHmNasShat MEGDT,
atorvastatin. 34. The pharnaceutical conposition as claimed in claim30
or 32, wheP&GFhe ANOGHMoOr ans HMGICHAN neduStasdhéntseiabreraichr apoiNet i n

and/ or derivatives thereof in a subpolycythem ¢ EPO dosis corresponding to
a weekly dosps.of 1 to 90 international units (11U EPQO kg body weight for
stinmul ating vascul ogenesis. 36. The use of erythropoietin in a

subpol ycyt gém c EPCTH®siBhagraessfoit hg coswg sisdieny desislafmed t ¢ro0
international units (I L:%% EPQ kg body weight for the therapy of .

pat hol ogi caf2&fafls Ofr IfirsdddS ofhe ndMhtreh refughrasl 1BBdYiae%odisat ed

with a dysf unctjcon of ~endothelial progenitor _ce|ls. ,
a statin such as simvastatin, mevastatin or atorvastatin.

34. The pharmaceutical composition as claimed in
claim 30 or 32, where the NO donor is L-arginine.

35. The use of erythropeietin and/or derivatives
thereof in a subpolycythemic EPO-dosis corresponding to a
weekly dosis of 1 to 90 interhational units (IU} EPO/kg
body weight for stimulating vasculogenesis.

36. The use of erythropoietin in a subpolycythemic
EPC-dosis corresponding to a weekly dosis of 1 to 90
international wunits (IU) EPO/kg body weight for the
therapy of pathological states or diseases of the human
or animal body associated with a dysfunction of
'éndothelial progenitor cells.

37. The use as claimed in <¢laim 36, where the
dysfunction of endothelial progenitor cells consists of
their impaired ability to proliferate, their impaired
ability to differentiate to endothelial «cells, their
impaired ability to adhere and/or their impaired ability
to migrate in the direction of a vasculogenic or
angiogenic stimulus.

38. The use as claimed in claim 36 or 37, where the

~dysfunction of endothelial progenitor cells impairs or



E

37. The use as clained in claim36, where the dysfunction of endothelial
progenitor cells consists of their |npa|red ability to proliferate, their
inpaired ability to differentiate to®8ndothelial cells, their inpaired
ability to adhere and/or their inpaired ability to mgrate in the
direction of a vascul ogenic or angiogenic stinulus 38. The use as cl ai ned
inclaim er dysf nct f. othellal M 1 on ceIIs
inpairs o?sgegrfn%préc\\{j%ntf%rﬁrﬁ% Hor e 3{}1601 hell © t?%suegg%ﬁ

vessel s. 39..IRg use as clai ned |n any of clalns 36 to 38, where the
dysfunction of endothelial progenitor cells has a pathogenic cause. 40.

The use agocl ai med Tﬁea%%é0f5§|éﬂﬁﬁm§§ 46 3%hy ¥heresthe pat hol ogscal
states or diseases associated with a dysfunctlon of endothelial progenitor

cel I s arewhyper thehaesiecelien ar dahatias el |pidfen ot bel i sinmaedi at ed
chronic inflammtory di sorders, endotheliosis including

reti cul oeadetheabyesiis, cahberoscler05|s ischemc disorders of the
extremties, preeclanpsia, Raynaud's disease, pregnancy-i nduced
hypert ensidfn, chr &hiec wre aeat eclaiomal fiai |ame, ofspeldahd y36 erm na®, renal
failure, wound healing and sequel ae thereof.
where the pathological states or diseases associated with
a dysfunction of endothelial progenitor cells are hyper-
cholesterolemia, diabetes mellitus, endothelium-mediated
chronic inflammatory disorders, endotheliosis including
reticuloendotheliosis, atherosclerpsis, ischemic
disorders of the exiremities, preeclampsia, Raynaud’s
disease, pregnancy-induced hypertension, chronic or acute

renal failure, especially terminal renal failure, wound

healing and sequelae thereof.



